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PREFACE 


AIM 


This package forms only a part of the overall BBC E.T.D. system for the training of 
technical staff in microprocessor techniques. Whilst it is aimed primarily at those 
who will be concerned with hardware maintenance, it is also relevant for those 
concerned with the development and implementation of small systems. It assumes 
a basic knowledge of digital techniques and should lead to an understanding of 
much of the “jargon”, and familiarity with the types of waveforms and bus 
structures found in microprocessor systems. The package is not appropriate for 
programmers or analysts but an understanding of the principle classes of program 
instructions and of how a selection of programmable devices operate, is essential 
to the understanding of microprocessor hardware and to its maintenance. It follows 
that the concepts of a “program” and a “programmers view" features in the 
training material. 


PROCESSOR TYPES en, 
The choice of processor on which to base the scheme involved considerable 
discussion as many processors, including both the 6800 and the Z80 generic 
types, are in common use in broadcast equipments. At the time the decision was 
made, various members of E.T.D. already had considerable experience both of 
training engineers in the microprocessor field and also of implementing and 
maintaining several small systems using various processors. It had become 
apparent that transfer from one processor to another was, for those with a firm 
understanding of the basic concepts, a relatively simple process. The choice of 
processor type was therefore considered to be not of major importance after all! 
The ability to use the system for training using both 6800 and Z80 family peripheral 
devices was, and is, considered very important and for this reason the major 
ZETA equipment was designed to handle either. 


The possibility of starting off with a “16 bit” processor was considered but rejected 
in favour of the relative simplicity of the “8 bit” types. There is no training 
advantage in starting on the larger devices and, once again, when the principles 
have been firmly grasped the understanding of the wider bus devices can readily 
be built up. 


HARDWARE 


As the system is designed for engineering training it was essential that circuits and 
devices should be easily accessible for inspection and for oscilloscope probes. 
An introductory chassis, ZETA 1, with the absolute minimum of components is 
used at first. This leads on to a much more elaborate System ZETA 2, to which 
can be connected all manner of peripheral chassis. These will be under 
continuous development as new applications appear in broadcasting. 
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HOW TO USE THIS LEARNING PACKAGE 


This package is in 7 separate sections. 

SECTION 1 contains the theory and explanation of microprocessor principles and 
techniques. It guides the student through the course and tells him when to refer to 
the other parts of the package. 


SECTION 2 contains the operating instructions for the equipment that the student is 
asked to use. 


SECTION 3 contains various exercises which the student is asked to attempt as he 
progresses through the course . 


Each exercise is intended to give the student some experience in applying the 
principles which he has previously studied in Section 1 and to make him think 
about their application and consequences. 

Some of the exercises contain several problems in an ascending order of difficulty. 
Usually the first one or two problems illustrate the principles or theory under 
consideration; the other problems are provided to give the student who has 
sufficient time in hand some extra knowledge and experience beyond that which is 
strictly necessary for this course. Where necessary, guidance on which problems 
to attempt will be given at the start of each exercise. 

Answers to the problems given in each exercise are given at the end of Section 3. 


SECTION 4 explains the microprocessor instruction set and is taken from the 
manufacturer's handbook on the Z80. 


SECTION 5 describes flowcharts and program design. 
SECTION 6 gives some hints on fault finding on microprocessor circuits. 


SECTION 7 gives a listing of the codes in the ZETA ROM. 
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Figure 1: Z80 CPU FUNCTIONAL BLOCK DIAGRAM 


(viii) 


1.1 


SECTION 1 


THE Z80 MICROPROCESSOR FUNCTIONAL BLOCK DIAGRAM 


Figure 1 shows the various internal blocks which make up the 
microprocessor. By the end of the week you will have become very familiar 
with this diagram but for the moment it is sufficient just to note the following 
salient features. Please do not be daunted by its apparent complexity, all 
will be revealed. 


Firstly, the microprocessor contains a number of registers of the type you 
may have previously met on other courses. In case you have forgotten, a 
register is essentially a series of bistable devices each of which can store a 
logic 1 or logic 0. All the registers in the Z80 contain either 8 or 16 bits. 


Registers A, B, C, D, E, H, L and an alternate set A’->L’ are all 8-bit 
registers although, as we shail see later, it is possible to combine pairs of 
these 8-bit registers to form 16-bit registers. 


The bistable elements of a register can be connected to form either a 
counter or a shift register. In a counter, the register contents can be 
increased or decreased one count at a time: a process known as 
incrementing and decrementing the counter content. Two such 16-bit 
registers are called the program counter and stack pointer. 


The accumulator is an 8-bit register which can be used as either a 
counter or as a register depending upon the instructions received; it is the 
most versatile of all the registers in the processor and is involved in all 
arithmetic functions as well as I/O (input/output) functions. 


The arithmetic/logic unit (ALU) is capable of binary addition and logic 
functions such as AND, OR, COMPLEMENT and EXCLUSIVE OR. 
Associated with the ALU is an 8-bit Flag Register, (F) the operation of 
which will be explained in a later section. It is sufficient at this stage merely 
to note that such a register exists. 


Another 8-bit register, the INSTRUCTION REGISTER (INST. REG) stores 
an 8-bit code which in effect tells the microprocessor exactly what it has to 
do. 


Besides the various registers and the ALU, there is the TIMING and 
CONTROL BLOCK. This circuit, or something like it, is necessary in any 
sequential logic circuit to keep the various associated units in step with one 
another. The purpose of each input and output will be explained as the 
course progresses. 
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INPUT/OUTPUT DEVICES 
Senses, body movements. 


MEMORY 
For permanant 
and temporary 
storage. 
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CONTROL SIGNALS 


Communications 
and responses 
to the outside world. 


Figure 2: BLOCK DIAGRAM OF THE HUMAN COMPUTER 


1.2 


THE THREE BLOCKS OF A COMPUTER 


There are a number of ways in which the overall operation of a 
microprocessor can be viewed. One view is that it forms one of the three 
blocks which go to make up a computer, and it is this view that we shall 
pursue throughout this course. Like any subject in electronics, the same 
facts can be viewed from several angles depending upon your area of 
interest. The facts of course, do not change, only the emphasis which you 
place upon them. 


Do not be put off by the term ‘Computer’ since every one of us is a 
computer, or more accurately, a human computer. Within ourselves the 
three computer blocks are the brain, memory and senses, as shown 
(Figure 2). 


The brain is necessary at one level to keep our basic bodily functions 
operating, and at a much higher level to interpret instructions, carry out 
calculations and make decisions. The brain does its job by making 
continual use of the memory to store information and to obtain previously 
stored knowledge. All information from outside our bodies is received via 
our senses, such as touch, smell, sight and hearing. Outputs from our 
brain to the outside world consist of body movements, speech and so on. 


If you consider how your brain stores and recalls information to and from 
the memory, how it receives and processes input information such as vision 
and sound from your senses and how it produces an output. such as limb 
movement and speech; it might perhaps lead you to the following 
conclusions: 


(i) There must be information or data paths connecting the brain to 
the memory and the various input and output organs. 


(ii) The brain must have a system for knowing where in the memory 
a particular piece of information can be found or deposited. In 
other words it must have a system for selecting or ADDRESSING 
particular parts of the memory or input and output organs. 


(iii) There must be a control system so that everything is co- 
ordinated in an orderly manner and your brain is not overloaded. 
For example, if you are making a mental calculation and happen 
to sit on a pin, the pain signal will interrupt your train of thought 
while your brain causes you to put out the appropriate body 
movement and perhaps sound! 


As a further illustration of the human computer concept, consider the 
manner in which a very small child attempts to eat his food. 


Within the child's brain there are already a number of stored programs 
which he has acquired through the training and experiences of his short 
lifetime. Among other things he/she has programs that enable him to 
interpret what he sees and to control his muscles. 
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The programs within a young child are very simple and as a result he is 
unable to move his hand quickly and smoothly towards the object of his 
attention. instead he moves his arm and hand in a series of jerks as each 
individual muscle receives a separate output signal from his brain. It is 
almost possible to observe the operation of his various program steps. 


The first few steps of his eating program take in and decode the signals 
from his eyes. Next he will go to his arm moving program and the brain will 
send signals to his arm muscles. After an initial arm movement he will use 
his vision program to check the position of his arm relative to his food and 
use another program to calculate what his next arm movement should be, 
and so on, until he has picked up his food and put it, hopefully, into his 
mouth. 


Every step of every program requires his brain to go to his memory to fetch 
the instruction, which, after the brain has decoded it, tells him how to 
execute his next action. His brain behaves, therefore, as a Central 
Processing Unit (CPU). 


The process of the brain or CPU carrying out a program by the repeated 
sequence of fetching the next instruction from the memory, decoding it and 
then executing it, is crucial to the operation of any computer. This is 
because any program is nothing more than the execution of a sequence of 
instructions stored in a memory. 


A pictorial view of the human memory is that of a box containing millions of 
storage locations, each of which hold a single coded instruction. Within the 
box these instructions are grouped together into the programs which 
enables us to get up, to eat, and to drive a car, etc. 


HF HF 


DRIVING 


GETTING EATING 
UP BREAKFAST : AND SO ON 
PROGRAM PROGRAM 


HF HF 


Figure 3: THE HUMAN MEMORY 


Furthermore, the brain must be able to select any program at any particular 
time and be able to move rapidly from one program to another as the 
situation requires. 


The solution to this problem is for the brain to regard each instruction as 
living at an address. Suppose the brain wants to select, say, the driving- 
to-work program. It generates the address of the first instruction of that 
program, fetches, decodes and executes that instruction, and then goes to 
the next instruction at the next address, and so on until the program is either 
completed or interrupted. 
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It is interesting to reflect that each of our skills and abilities is the result of 
some particular program which has been embedded into our memory 
through learning and experience. It is our particular Combination of 
programs that makes each of us what we are. Any new ability that we 
acquire can only be as a result of storing a further program into our 
memories. Similarly, we can lose a skill simply because we have forgotten 
how to do it, in other words, that particular program has been erased from 
our memory and further training experience is necessary to restore it. 


In electronic Computer terms the brain becomes a central processor unit, 
our biological memory becomes an electronic memory, and our senses 
become input and output devices. 


How are signals conveyed between the three blocks of a computer? In the 
human computer the writer does not know the answer but in an electronic 
computer the answer is simple, all signals are binary. 


BINARY CODES 


In any system of n binary bits there are 2" possible patterns of codes where 
n is the number of bits. Thus in a 2-bit system there are 22 or 4 binary 
patterns, and in a 3-bit system there are 23 or 8 binary patterns. To 
illustrate this point, the table below shows the eight possible combinations of 
3 bits. 


en © ee © ee =) 


1 1 °0 


1171 
Table 1: BINARY PATTERNS PRODUCED BY THREE BITS 


Given the fact that the Z80 microprocessor is an 8-bit machine, that is, it 
can read in (input) and write out (output) 8-bit data codes, using eight 
separate parallel wires, what is the maximum number of different data 
codes that the Z80 can read? 


Given that the Z80 can also output a 16-bit memory location address (16 
bits on 16 separate wires), what is the maximum number of memory 
locations that the Z80 can address? 
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Compare your answer with the following. 


The first answer you should have entered is two-hundred and fifty-six. 
This is because 8 bits can have 28 or 25619 possible patterns. Similar 
reasoning for your second answer shows that a 16-bit address can 
access 216 or 65,536 locations. 


One of the limitations of this microprocessor now starts to become apparent 
when you consider how well a human computer would operate if restricted 
to a vocabulary of 256 words. 


HEXADECIMAL CODE 


For us to remember the various meanings of 256 8-bit binary patterns is 
both difficult and error prone, so to make life easier the eight bit patterns 
are expressed as 2-digit hexadecimal (hex) codes, each hex digit having a 
4-bit binary equivalent. 


Before explaining the hex system, a brief recap of the familiar decimal 
system will be made. In the decimal system each digit of a number 
represents a power of 10, i.e. units, tens, hundreds, thousands, and so on. 
Also each digit can take up any of ten values from 0 through to 9. 


in the hex system, each digit represents a power of 16 and consequently 
can take up any of sixteen states from 0 through to 15. Because a 4-bit 
binary pattern can represent any number from 0 through to 15 conversion 
from binary to hex is easy. A group of 8 binary bits can be split into two 
groups of 4 bits and converted using the following binary to hexadecimal 
table: 


BINARY HEXADECIMAL DECIMAL 
(8421) 

0000 =0 = 
0001 =1 = 
0010 =2 = 
0011 7 : 
0100 = = 
0101 ~ ~ 
0110 = = 
0111 = = 
1000 = = 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


Hoon wow 
TAMOODDYO 
" 
nw 


Table 2: BINARY-HEX-DECIMAL COMPARISON 
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In order to provide sixteen different characters the letters A to F are used in 
place of the numbers 10 to 15. For example, the binary code 1111 1111 is 
expressed as FF in hexadecimal code thus: 


1111 1111 Binary code 
F Hexadecimal equivalent 


Now switch on ZETA1 and carry out Exercise 1 in section 3. (See page 3- 
1). If you have any problems, please ask for assistance, OK! 


FUNCTIONS OF THE ZETA1, H, L,S, AND G KEYS 


Each time you key in a 2-digit hex number, it is displayed at ports 2 & 5. 
When you press H, the hex numbers displayed at ports 2 & 5 are READ by 
the microprocessor and displayed at ports 0 & 3. Similarly when you press 
L, the hex numbers displayed at ports 2 & 5 are read by the 
microprocessor and displayed at ports 1 & 4. Therefore, whenever H or L is 
pressed, the number displayed at ports 2 & 5 is moved to ports 0 & 3 or 1 & 
4. Ports 2 & 5 then display some apparently random code which we may 
change by keying in a 2-digit hex code at the keypad. 


Each time S is pressed the combined display of ports 1 & 4 is incremented, 
that is, it is increased by 1. Assume ports 1 & 4 display 00 (all leds off) prior 
to the operation of keys S. After S is pressed, port 1 & 4 will display 01 and 
simultaneously the display at ports 2 & 5 will Change again to some 
apparently random code. 


AN EXPLANATION OF HL AND S KEY OPERATIONS 


When we pressed H, the microprocessor used the hex numbers that we 
had keyed in to Ports 2 & 5 to provide the eight most significant bits or high 
byte (H) of an address and displayed them at ports 0 & 3. Similarly when we 
pressed L, it used the hex numbers displayed to provide the eight least 
Significant bits or low byte (L) of an address and displayed them at ports 1 & 
4. This 16-bit address is also stored inside a dedicated register called the 
Program Counter (PC), see the functional diagram, Figure 1. 


After H and L have been pressed the microprocessor automatically puts the 
contents of the PC onto the address wires. (As stated earlier, a sixteen- 
wire address can select any one of 216 or 65,536 locations). 


The microprocessor puts out a READ pulse coincident with the contents of 
the PC. This READ pulse causes the eight-bit content of the addressed 
memory location to be placed onto the eight data wires which carry 
information to and from the microprocessor. These eight wires are usually 
referred to as the DATA BUS because information can get on and off at a 
number of different places. The eight bits read from the addressed memory 
location are placed into the microprocessor accumulator register (A). 


To enable us to see what these 8 bits are, the microprocessor next 
addresses port 2 & 5, places the accumulator data back onto the data bus 
and generates a WRITE pulse. The 8-bit pattern is fed into ports 2 & 5 
where it is latched to light the displays. This explains the change of the port 
2 & 5 display referred to previously as “some apparently random code’. 
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1.6.1 


1.6.2 


All microprocessor programs are nothing more than a list of binary coded 
instructions stored in a memory. If the memory is made up of bistable 
elements it will set up at random when it is first switched on. The list of 
program instruction codes must, therefore, be keyed in to set the bistable 
elements of the memory to the required states. This is the function of the 
“Store” or “See” Key(s). 


WHEN THE S KEY IS PRESSED, THE DATA DISPLAYED AT PORT 2 & 5 
IS PLACED INTO THE MEMORY LOCATION WHOSE ADDRESS IS 
DISPLAYED AT PORT 0 & 3 AND PORT 1 & 4. 


A permanently stored microprocessor program then causes the 
microprocessor to automatically select the next consecutive address and 
display it at Ports 0 & 1; and 3 & 4. 


There is, therefore, no need to key in the next memory address since this 
has already been done for you by the microprocessor. All you have to do is 
to key in the next instruction code and press S, and so on until all the 
instruction codes of the program have been entered. 


To run the program that you have entered, the address of the first 
instruction code is keyed in again and entered into the PC using the H and 
L keys as already described. The program starting address is now 
displayed at Ports 0 & 3 and 1 & 4. WHEN YOU PRESS THE ‘G’ KEY 
YOUR PROGRAM WILL RUN STARTING WITH THE INSTRUCTION CODE 
AT THE ADDRESS YOU HAVE JUST SELECTED. 


ZETA1's inbuilt intellegence sets the first available instruction address at 
2000 HEX. Press the reset (R) key to see this displayed. You may now write 
your program starting at this address. 


Now go to Exercise 2 in Section 3 (See page 3-1) 


AN INTRODUCTION TO INSTRUCTION CODES 


GENERAL 


Look again at the 280 block diagram of figure 1, amongst other things, it 
shows two sets of 8 bit registers, A(Accumulator), B,C,D,E,H, and L. These 
are some of the microprocessor registers directly available to the 
programmer. It should be noted that the programmer can only see one set 
of eight registers at a time A’ > L’ are called the alternate set, this will be 
fully explained later. 


LD rr INSTRUCTIONS 


One of the instructions of the Z80 is to copy or, as ZILOG call it, to LOAD 
(abbreviated LD) into any one register, of one set of these registers, the 
contents of any other register of the same set. Thus LD A,B means load or 
copy into register A the contents of register B. LD A,B can perhaps be 
visualised in the form LOAD A < B. When this instruction is executed both 
registers will have the same contents. When you encounter the instruction 
LD A,(HL) it means copy the contents of the memory address, held in HL 
into register A. This type of copy instruction will be fully explained later. 


1st hex 
Character 


0-8 


NOP 
EX AF, AF’ 


DJNZ e 
JR ,e 


JA NZ,e 
JR Z,e 


JR NC,e 
JR C,e 
B,B 
C,.B 
D,B 
E,B 
HB 
LD L,B 
LD (HL),B 
LD A,B 
ADD A,B 
ADC A,B 


SUB B 
SBC A,B 


AND B 
XOR B 


OR B 
CPB 
RET NZ 
RET Z 


RET NC 
RET C 


RET PO 
RET PE 


RET P 
RET M 


1-9 


LD BC,nn 
ADD HL,BC 


LD DE,nn 
ADD HL,DE 


LD HL,nn 
ADD HL,HL 


LD SP,nn 
ADD HL,SP 


00 


rr mo op 
OQ O00 


=z 


> 
or 


Mee ee ce eer 
ro) 


OOo 900 900 900 


ADD A,C 
ADC A,C 


SUB C 
SBC A,C 


AND C 
XOR C 


ORC 
CPC 
POP BC 
RET 


POP DE 
EXX 


POP HL 
JP (HL) 


POP AF 
LD SP,HL 


2-A 


LD (BC),A 
LD A, (BC) 


ILD (DE),A 
LD A, (DE) 


LD (nn), HL 
LD HL,(nn) 


LD (nn),A 
LD A,(nn) 


x mo ow 
00 


£ : 
O90 99 


ee 


Pa 
OF 


meee ceee 
o 


o90 900 900 90 


ADD A,D 
ADC A,D 


SUB D 
SBC A,D 


AND D 
XOR D 


OR D 
CPD 

JP NZ, nn 
JP Z,nn 


JP NC, nn 
JP Cnn 


JP PO,nn 
JP PE,nn 


JP P.nn 
JP M,nn 


“These 4 are complex codes and will be explained later 


Examples - 


NOP is 00 in hex EX AF, AF’ is 08 in hex 


Oo 
m 
©) 
” 
=D 


x mo om 
mm 


S 
Mm Mm 


ZI 


> 
me 


Ce re see jee 
m 


oOo 90 90090 9090 


AOD A,E 
AOC A,E 


SUB E 
SBC A,E 


AND E 
XOR E 


OR E 
CPE 
JP nn 


OUT (n),A 
IN A, (n) 


EX (SP), HL 


EX DE,HL 


DI 
El 


Code 72 is LD (HL),D and code 7A is LD A,D 


2nd (Hex) Character 


4-C 


INC B 
INC C 


INC D 
INC E 


INC H 
INC L 


INC (HL) 
INC A 


ADD A,H 
ADC A,H 


SUB H 
SBC A,H 


AND H 
XOR H 


OR H 
CPH 


CALL NZ,nn 


CALL Z,nn 


CALL NC,nn 


CALL C,nn 


CALL PO,nn 
CALL PE,nn 


CALL P,nn 
CALL M,nn 


5-D 


DEC B 
DEC C 


DEC D 
DEC E 


DEC H'’ 
DECL 


DEC (HL) 
DEC A 


x omo om 
r rer 


7 I 
-- Cr 


Zz 


> 
-e 


-e- CTH Fer CT 
r 


O90 9090 990 99 


ADD A,L 
ADC A,L 


SUB L 
SBC A,L 


AND L 
XOR L 


ORL 
CPL 
PUSH BC 
CALL nn 
PUSH DE 
PUSH HL 


PUSH AF 


Table 3: BASIC Z80 MNEMONICS & OP CODES 


6-E 


LD B,n 
LD C,n 


LD D,n 
LD E,n 


LD H,n 
LD L,n 


LD (HL),n 
LD A,n 

LD B, (HL) 
LD C, (HL) 


LD D,(HL) 
LD E, (HL) 


LD H, (HL) 
LO L, (HL) 


HALT 
LD A, (HL) 


ADD A, (HL) 
ADC A, (HL) 


SUB (HL) 


SBC A, (HL) 


AND (HL) 
XOR (HL) 


OR (HL) 
CP (HL) 
ADD A,n 
ADC A,n 


SUB n 
SBC A,n 


AND n 
XOR n 


OR n 
CP n 


ADD A,A 
ADC A,A 


SUB A 
SBC A,A 


AND A 
XOR A 


OR A 
CPA 
RST 00H 
RST 08H 


RST 10H 
RST 18H 


RST 20H 
RST 28H 


RST 30H 
RST 38H 


At Table 3 you will see a number of basic instruction codes for the 280 
divided into four blocks. From this sheet you can see that the hex code for 
LD A,B is 78. You can see also that you now understand the whole of one 
block or a quarter of these basic instruction codes. Yes? Congratulations! 
Instruction 76 literally stops the processor. 


As an exercise, what are the hex codes for LD B,A and LD D.E ? 
What do you think code 52 does? 


Put your answer here:- 


Now check your result with answers on page 1-12. 


Let us consider the LOAD instruction in more depth. First, each of the eight 
addressable registers has been given a three bit binary code address as 
shown below at table 4. 


REGISTER BINARY CODE 
000 
001 
010 
011 
100 
101 
L) 110 
111 


>Irmmoon 


Table 4: Z80 REGISTER ADDRESSES 
“The use of memory (HL) as a register is described later in Section 1.12. 


These registers are shown in the programmer's view of Z80 at Figure 4. 
Recall that LD A,B is code 78 in hex and therefore 01111000 in binary. 


The Z80 processes the binary code of an instruction by treating the 8 bits 
as a number of separate fields. In this case three fields, as shown below. 
Each field has a particular significance. 


01 111 000 
or in more general terms as: 
01 DDD SSS 
Where DDD and SSS represent the binary digits for the destination and 


source register codes. All the instructions are analysed in Section 4 which 
you can read later. 


A most important Code is 76. This code halts the processor and it is 
therefore, normally the last code in any program. Once code 76 has been 
executed no other codes will be executed until some external signal restarts 
the processor. 


Answers to page 1-10 questions are on page 1-12. 


ANSWERS TO PROBLEMS ON PREVIOUS PAGE 


1. The code for LD,B,A is 47. 
2. The Code for LD D,E is 53. 
3. 52 means copy the contents of register D into register D, so the 


answer is ‘not much!’. 


Z80 MEMORY 
a 
FLAGS [s {Z| x[H| xJea[N || 
ALTERNATE REGS MAIN REGISTER SET ADDRESS 


0000 


STACK POINTER (SP) 2000 
PROGRAM COUNTER (PC) 

INDEX REGISTER (iX) 

INDEX REGISTER (IY) 


INSTRUCTION REGISTER (IR) f 
Temporary recisters (Tes) Ls | FFFF 


~<«<—— 8 bits 


Figure 4: PROGRAMMERS EYEVIEW OF THE Z80 MICROPROCESSOR 


The above diagram shows the programmer's view of a Z80 computer 
system. Throughout this package we shail use sections of this diagram to 
illustrate how some of the Z80 instruction codes are executed. Instruction 
codes are stored in the memory ICs shown along side the 280 in the above 
diagram. 


A program is nothing more than a sequence of such instructions stored 
sequentially in the memory. When the program is run, the microprocessor 
fetches each instruction, decodes it, executes it, and then proceeds to the 
next instruction; and so on until the program is halted. 


This is all that a microprocessor can do, it has no other powers! 
Register sets are “exchanged” as the programmer requires. An instruction 


such as LD A,B involves the “operational register” set, which ever one that 
might be. 


1.6.3 INTERNAL REGISTER ADDRESSING 


ADDRESSING LINES INTERNAL DO 


T 
DATA BUS D7 


D7 | D7 
& ss en aa FS a as Se cae es 
heen md READ 


= 


Figure 5: ADDRESSING AND DATA LINES 


> | 
> 


WRITE 


To understand the load instruction code in even greater depth, consider 
how any one of eight registers can be addressed. 


To select any one of eight registers in a binary system requires three 
address lines. These lines or their inversions are connected to a gate in 
such a way that each gate detects one particular binary combination out of 
the eight possible, and none other. When a binary input is present, the 
output of the selected gate goes to logic 1 and the corresponding register is 
ENABLED. 


Figure 5 shows the general arrangement and details of gate 7 and register 
7. Gate 7 in Figure 5 prepares both the input and output gates of register 7 
(the accumulator). Likewise the outputs of the other 3-input AND gates 
each similarly enable their respective registers to operate when the 
appropriate 3-bit code is present. 


1.6.4 


Assume that address bits CBA are 1119 and hence register 7 is selected. 
Two actions are now possible: 


i. lf a READ pulse is applied to the output gates, the information in the 
register is applied to the internal data bus. (Remember the CPU 
does the reading). 

il. If a WRITE pulse is applied to the input gates. then data from the 
internal bus is fed into the addressed register. (The CPU does the 
writing). 


Note that READ and WRITE pulse cannot occur together. 
When a LD r,r instruction is to be executed the microprocessor recognises 


the move instruction and extracts the 3-bit source and destination 
addresses. The following internal actions then occur: 


a. The source register is addressed and a READ pulse feeds the 
register contents on to the internal data bus. 

b. The data on the internal data bus is entered into a temporary register 
(not shown). 

C. The destination register is addressed and data from the temporary 


register is read via the data bus into the destination register. 


THE PROGRAMMER’S VIEW OF AN INSTRUCTION 


The programmer is not interested in the microprocessor as an electrical 
circuit. As far as he is concerned, that kind of detail is necessary to the 
electrical engineer and the circuit designer only. All the programmer wants 
to know are what registers does the microprocessor contain and what are 
the instructions that can be executed. With nothing more than this 
information the programmer can go ahead and write a program, since, as 
already stated, a program is nothing more than a sequence of instruction 
codes stored in the memory ICs to which the microprocessor is connected. 
When the program is running the microprocessor addresses these 
instruction codes using the contents of the PROGRAM COUNTER 
REGISTER to provide the 16-wire address. It FETCHES the stored code 
from the addressed location DECODES it, and then EXECUTES the 
instruction. When the current instruction is completed the microprocessor 
fetches the next instruction, and so on to the end of the program. Let us, 
therefore, take the programmer's view of instruction code 78 which copies 
data into the accumulator (Register A) from Register B: 


a. The program counter (PC) output is latched and fed onto the 16- 
wire address bus. This latched address output points to the memory 
location that contains the current instruction to be executed. see (1) 
at figure 6. 


b. The program counter (PC) is incremented after each fetch, in 
preparation for the next instruction to be fetched. 


Cc. The microprocessor issues a memory READ pulse. This causes the 
output of the external memory to be connected to the 
microprocessor data bus wires. The 8-bit content (01 111 000) of 
the addressed memory location is thus fetched from the memory 
into the microprocessor’s instruction register (2). The content of the 
instruction register is then DECODED so that the microprocessor 
knows what to do next. It decodes 01 as a LD instruction, 1119 (the 
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Accumulator) to be the destination register and 0002 (Register B) to 
be the source register. 
d. The content of register B is written into a temporary register. 


e. Finally, a WRITE pulse writes the register B data from the temporary 
register into the accumulator. 


The above sequence of events is detailed at Figure 6. 


280 MEMORY ADDRESS 


FLAGS 1S [Z| x[H]| x[Pv}N | C | Hi Lo 
G 


MAIN REGISTER SET 


00 00 
00 01 


STACK POINTER 
PROGRAM COUNTER 
INDEX REGISTER 
INDEX REGISTER 


2050 
2051 


INSTRUCTION REGISTER 


FFFF 


TEMPORARY REGISTERS 


<«— 8 bits 


Figure 6: INSTRUCTION 78 EXECUTION. 


1. Program Counter (PC) addresses the next instruction to be executed. 
For the sake of the argument this instruction is assumed to be at 
address 2050. 


2. The instruction code 78 is FETCHED into the Instruction Register 
and is DECODED as the LD A.B instruction. Meanwhile, the program 
Counter is incremented (in this instance to 2051) in readiness for the 
next instruction. This increment process is often written in the 
shorthand form (PC) = (PC) + 1. 


3. The contents of register B (shown above as XX) are copied into 
register A. 


1.6.5 CLOCK PULSES OR ’T’ STATES 


1.6.6 


The above process implies clock control, that is, timing edges must be 
supplied to separate each of the above events. All microprocessors must, 
therefore, have a clock pulse input. Steps 1 to 3 above, require five clock 
pulses, or T states to be applied to the microprocessor. These steps, which 
are controlled by the microprocessor, are sometimes referred to as the 
MICROPROGRAM. The total number of T states necessary for the 
execution for each instruction is given in Section 4 in the “No. of T states 
column” (read later). 


INSTRUCTION CYCLES AND MACHINE CYCLES 


Every instruction cycle that the microprocessor executes follows the 
general sequence: FETCH, DECODE and EXECUTE. During the fetching 
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1.6.7 


and execution of each instruction every external read or write cycle 
performed by the microprocessor is referred to as a MACHINE CYCLE. All 
280 instructions require one to six MACHINE CYCLES,” depending on the 
instruction. The total number of machine cycles necessary to execute each 
type of instruction is given in Section 4 in the “No. of M. cycles column’. 


*Some of which are internal Z80 operation machine cycles. 


MEMORY MAP 

Because the microprocessor generates a 16-wire binary address it is 
theoretically possible to employ a memory of 216 or 65,53619 locations. In 
computer jargon this is referred to as a 64K memory where K = 1024 (not 
to be confused with small k for kilo as in kV kilovolts). However, it is not 
often that a microprocessor application requires a 64K memory. Table 5 is 
the memory map of the ZETA1. It shows how much memory is actually fitted 
to ZETA1 and what it is used for. 


SYSTEM PROM 0000 
Controls keys entry and displays 
1FFF 
USER RAM 2000 
27FF 
2800 
F7FF 
F800 
FFFF 


Table 5: MEMORY MAP FOR ZETA 


You write your programs in this area. 20 H 
00 L or R opens the first RAM location 


SYSTEM RAM 


Generally used by the system PROM as 
scratch pad, has some user locations (see 
later) 


Z80 


S [z [ x[H] x JenJn }C | 


The microprocessor program counter (PC) addresses the next instruction 


MEMORY 
<_—_—_> 


ADDRESS 


0000 
0001 


2010 
2011 


FFFF 


code OE is placed on to the data bus. The program counter is then 
incremented so that it is ready to address the next sequential location. 


The instruction OE is fetched into the instruction register and decoded 
as LD C,n. The microprocessor then known that it must execute another 


memory read machine cycle to obtain the data FF which is to be placed 


in register C. 


Z80 MEMORY 
<_——— ADDRESS 


S[Z[ xJH] xfen[n IC | 
eae 0000 
a ee 0001 
aes eee 
Careers ee) ia) 
(SP) 
(PC) 2010 
(1X) 2011 
(1Y) (3) 
IR 
i ees Eee ee 
3. The microprocessor addresses the second byte of the LD 
C,n instruction. 
PC = PC + 1. 
4. FF is placed on the data bus and read into register C. 


Figure 7: LOAD IMMEDIATE INSTRUCTION (LD C,FF) 


1.6.8 THE LOAD IMMEDIATE INSTRUCTIONS (LD r,n) 


The load immediate instruction LD r,n, follows naturally from the LD 
instructions previously described. They enable data to be placed directly 
into any one of the microprocessor registers A,B,C,D,E,H or L. Each of 
these LD r,n instructions consist of two bytes, that is, two 8-bit words in two 
consecutive memory locations. The first byte defines the operation and 
designates the destination register. The second byte supplies the data to be 
placed into the destination register. 

As an example, consider the instruction LD C,FF. The first byte states that 
register C is to receive the contents of the second byte which is stored in 
the location immediately following. In this example the second byte contains 
the hex code FF (binary 1111 1111). Figure 7 shows the programmer's view 
of the two machine cycles that execute this instruction. (Recall that every 
read or write cycle performed by the microprocessor is a machine cycle). 


The load immediate instructions are the first of the Z80 two-byte 
instructions. All Z80 instructions consist of one, two, three or four byte 


Look again at table 3 and you will see that you have mastered one column 
of the instructions in the first block of codes (06 - 3E). 


As an exercise, write down the instructions for: 
(i) Putting all 0’s into register E. 
(ii) Alternate 1’s and 0’s into register A. 


See over the page for answers. 


Your answers should be: 


(i) Loading E with 
00000000 is 1E LD E,00 
00 
(ii) Loading A with 
10101010 is 3E LD A,AA 
AA 


1.6.9 CLEARING & BIT SETTING 


When the microprocessor is first switched on and the RESET (R) button is 
pressed, the PROGRAM COUNTER (PC) register is reset to zero. Thus the 
microprocessor gets its first instruction from address zero. 


The other registers of the microprocessor are unaffected by the operation of 
the Reset button and their states are initially unknown. Therefore, at the start 
of your program, you must not assume that the microprocessor registers 
are reset zero or that the flag bistables (described later in Section 1.9) are 
in known states. If your program requires any registers to be cleared you 
must include instructions to do this. 


Unfortunately the Z80 instruction set does not contain specific CLEAR A, 
CLEAR 8B instructions. Nevertheless the desired clearing process can be 
achieved by a number of other methods, some of which are now explained. 


One way to reset say registers A and B to zero is to use the LD rn 
instruction discussed in Section 1.6.8. The two-byte instruction LD A, 00 
puts all zeros into registers A (the accumulator) and LD B, 00 puts all zeros 
in register B. Alternatively instead of using four bytes, we could achieve the 
same result in three bytes by using the sequence LD A, 00 followed by the 
LD B.A instruction. 


The instruction SUB (register) enables the 8-bit content of the assigned 
register to be subtracted from the 8-bit content of the accumulator. The 
subtraction is executed in the arithmetic and logic unit (ALU) see figure 1 
and the result is entered back into the accumulator. Thus SUB B subtracts 
the contents of register B from the accumulator (A) and places the result 
back into the accumulator. We can even subtract the contents of the 
accumulator from itself which is bound to leave zero in the accumulator 
regardless of the original content. Moreover, since we have exercised the 
ALU, the flag register is set to correspond with the contents of the 
accumulator. Consequently the two 1-byte instructions SUB A and LD B,A, 
cause registers A and B to be cleared and, as discussed later in Section 
1.9, set the flags. 


The Z80 instruction set allows bit operations on specified registers. The 
accumulator and any other register (including the accumulator itself) can be 
connected to the two sets of inputs of the AND, OR or EXCLUSIVE OR 
gates in the ALU. The gated outputs are then deposited back into the 
accumulator. As an example the OR B instruction is illustrated at figure 8. 
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ACCUMULATOR A REGISTER B 
veryyryy 


vyvvvyvyvy vyrvvvyy 


Ney, Seven similar OR gates for bits D6 toD 0 


Figure 8: THE OR INSTRUCTION 


In the OR B instruction each bit of the accumulator is separately ORed 
(within the ALU) with the corresponding bit of Register B. The result is 
placed back into the accumulator. In the following example we therefore 
obtain: 


00010001 Initial Accumulator Content 
10100011 Register B content 
10110011 Final Accumulator Content 


We can clear registers A and B by LD B, 00 instruction followed by a AND 
B instruction. Again, because we have exercised the ALU, the flag register 
reflects the true state of the accumulator content. Another variation to the 
solution to this problem is to use the EXCLUSIVE OR instruction XOR A. 
This passes each bit of the accumulator to both inputs of an EXCLUSIVE 
OR gate and puts the gated output back into the accumulator as shown at 
Figure 9. 


ACCUMULATOR A 
yveryryyy 


yyyyyyy 


\ev/ Seven similar circuits for bits D6 to DO 


Exclusive OR gate 


Figure 9: THE XOR A INSTRUCTION 
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Regardless of whether each original bit of the accumulator was logic 1 or 
logic 0; two 1's or two 0’s into an EXCLUSIVE OR gate must produce a 
logic O output. Hence the final state of the accumulator must be all logic 
O's, i.e. the accumulator is cleared. As a result of XOR A instruction the 
flags reflect the true state of the accumulator which must be all logic 0's, 
i.e. the accumulator is cleared. The flags reflect the true state of the 
accumulator content and are set as follows: 
S 


= Q, 
Z= 1, 
P=0 
C = 0. 


The significance of the flags is discussed later in Section 1.9. 

Finally, it is sometimes useful not to set or reset a whole register, but 
instead to set or reset one particular bit of a register. For example, if we 
AND the accumulator with 01111111, using the AND n (E6) instruction, we 
reset the most significant bit (MSB) of the accumulator to logic 0 and leave 
the remaining seven other bits unchanged. Similarly if we OR the 
accumulator with 10000000, OR n, (F6) we set the most significant bit to 
logic 1 and again the seven other bits unchanged. You will see later, the 
Z80 has set/reset instructions which operate on specified bits of a 
destination. 


INCREMENT AND DECREMENT INSTRUCTIONS 


When a register is incremented by an INC rf instruction the 8-bit binary 
content of the selected register is increased by 1. Similarly if it is 
decremented by a DEC r instruction the 8-bit binary content of the 
selected register is decreased by 1. The repetitive use of increment or 
decrement instructions enables a register to behave like an up/down 
binary counter and provides a useful method of generating time delays or 
binary counters. 


As an exercise write down the answers to the following questions and then 
check your answers with those given on page 1-24. 


(a) Assume register A (the accumulator) initially contains the binary 
pattern 00111010. What will be the binary pattern after an INC A 
instruction is executed. 

(b) lf B contains 00000000 what is the result of INC B. 


(c) If C contains 00000000 what is the result of DEC C. 


EXTENDED REGISTER OPERATIONS 


The Z80 is an 8-bit microprocessor and as a result registers A, B, C, D, 
E, H and L are all 8-bit registers. So far we have seen how 8-bit data, 
usually referred to as a byte, can be moved into a register, incremented, 
decremented, or copied (loaded) from one register to another. 


In some programs it is convenient to have available 16-bit registers. For 


example a 16-bit register can be used to count up to 65,535 whereas an 
8-bit register can only count up to 255. 
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The Z80 can, in effect, provide up to three 16-bit general purpose 
registers by joining together B& C, D& E and H&L. 


» eR « 
> [abe 
oe 


Z80 16 -BIT GENERAL PURPOSE REGISTERS 
The register pair B&C are then referred to as register BC. Register B 
contains the eight most significant bits of any 16-bit word and register C 
contains the eight least significant bits. The same applies to registers D&E, 
and H&L. 


INC HL means increment the 16-bit word contained in the register pair 
H&L. Likewise DEC DE means decrement the 16-bit word in D&E. 


LD HL,nn is a three-byte instruction in which two 8-bit values, bytes 2 
and 3 of the instruction are loaded into registers L and H respectively. 


Assuming we wish to load the 16 bit register pair as shown. 


H L 


The 3 byte instruction would be loaded into memory as: 


LD HL nn code 


00) 2nd Byte to be placed in low register 
FF| 3rd Byte to be placed in high register 


This single 3 byte load instruction has the same effect as the two, 2 byte 
instructions LD H,FF and LD L,OO. 


We shall see later that the 280 has many other instructions which control 
data transfers involving 8 and 16 bit values. 


1.7 


Note 


Input/Output Ports 


The Z80 microprocessor can write to, or read from a specified port 
address. On the ZETA1 there are 5 input and 6 output PORTS: 


input Ports: 


Output Ports: 


the binary switches 

the LH pair thumb wheels 
the RH pair thumb wheels 
set of function keys 

hex keypad 


NOM = © 


the three bar led’s 
displays left to right 


the three dual 7 segments 
displays left to right 


nAhw mM —~ © 


See photograph and ZETA itself. 


ii) 


ZETAT1 will only recognise the individual input port 0 switches, when 
the associated red “handbag” plug is in its upper position. 


The output ports 3, 4 & 5 may be hardware strapped to be 
paralleled with output ports 0, 1 & 2 respectively.” This is achieved 
by moving the associated three red handbag plugs to their left most 
position. 


answers to questions on page 1-22: 


(a) 
(b) 
(c) 


001110119 3Bi¢g 
000000012 0116 
11111110 FF16 
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/ C 
Ss |Z | x{H] x fv] ]C_ ADDRESS 


1 


Nm 


0000 
0001 


2000 
2001 


FFFF 


The microprocessor program counter 
(PC) addresses the next instruction........ 


...which ts fetched into the Instruction 
register, PC = (PC + 1). OUT is decoded 
therefore, 2 more machine cycles must 
be executed. 
i) Get the output port address. 
ii) Execution of the OUT instruction 
from accumulator to specified port 
address. 


ahs MEMORY 
iS |Z | xPH] x Jeon }C | ADDRESS 
0000 
0001 
2000 
2001 
FFFF 


The microprocessor addresses the 2nd byte 
of the OUT instruction... 


..and reads it into a temporary register, 
PC = (PC + 1) ready for the third machine 
cycle. 


Figure 10: THE OUT INSTRUCTION (OUT (02), A 


280 MEMORY 


C 
SERRE eee 
0000 
(SP) 2000 
(PC) 
(IX) 
(IY) 
F 
i a a FFE 


5. The microprocessor places the contents 
of the temporary register onto the address bus. 


6. The microprocessor places the 
accumulator contents onto the data 
bus and asserts : 
IOREQ and WR (explained later) 


The accumulator data is thus written 
into the addressed port 


1.7.1 PROGRAMMER’S VIEW OF OUTPUTTING TO PORT 02} 


Figures 10 shows the programmer's view of outputting all 1's to Port 02, It 
is assumed that FFy has already been placed in the accumulator and 
program instructions OUT(n),A (D3 02) is now about to be executed. 


1.7.2 THE OUTPUT INSTRUCTION OUT (n), A 


1.8 


The output instruction OUT (n), A is a further example of a two-byte 
instruction, probably the most important you will need to know. The (n) 
represents the second byte of the instruction and provides the output port 
address. 


When an OUT(n), A instruction is executed, the microprocessor puts onto the 
data lines the 8 bits contained in the accumulator register. It is, therefore, 
necessary to ensure that the required output data is within the accumulator 
before the output instruction is executed, otherwise rubbish is put out. Two 
ways of putting data into the accumulator have already been described, 
namely by using a LD A,r or LD A,n. 


As another exercise, write down the instruction to output the accumulator 
contents to Port 03} . 


Ful YOur ANSWEl NOTE: 4uctsei is ete rseut inte souaactbciaast aeaterpamishg. aed Sevteaaeis 
Compare your answer with that shown overleaf. 

THE ADD INSTRUCTION (ADD A,r) 

Besides being the register for all output (and input) operations, the 
accumulator is also used for the add and subtract arithmetic operations. The 
add instruction is a single byte instruction and it takes the form ADD A,r 
where r is the register whose content is to be added to the content of the 
accumulator and the result stored in the accumulator. Look again at the 
instruction table on page 10 and identify the code that adds the contents of 
register B to the contents of the accumulator and places the result into the 
accumulator. 

Write your ANSWEF NEE! oo... ccc ceneeeceeeceecececcceeeeecceseusseusaauanaaseeee sess 


See overleaf for the correct answer. 
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1.7.2 


1.8 


ANSWER 

The instruction to output the contents of the D3 
accumulator to Port 03 is: 03 
ANSWER 


The instruction to add the contents of register B 
to the contents of the accumulator is: 80 


See illustration of ADD A,B at Figure 11. 


A program which gets two numbers, adds them together and puts out the 
answer at one of the Ports could be represented by the following flowchart: 


Get the first number 
(operand 1) and put it 
into the accumulator 


Get the second number 
(operand 2) and put it 


into the register B 


Add the contents of 
register B to the 
accumulator 


Output the content 
of the accumulator 
to, say, Port 2 


FLOW CHART 1 


A programmer’s view of the ADD A,B instruction is given at Figure 11. Now 
go to Exercise 3 (See page 3-1). 
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280 MEMORY Z80 MEMORY 
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ADDRESS ADDRESS 
Ss [ZT XTH{ x ]ra[N | C | Hi Lo Ss [Zz] xJHI xfev]Nn [Cc Hi Lo 
Wasa 0000 aes F 9000 
0001 Caan rae eee! 
aaa Carre 
Cis a 
2000 I ee om 2000 
2001 (Pc) {001d 2001 
Cl ara! 
om Fo 
| ce 
1. The microprocessor program counter (PC) addresses the next instruction.. 4, The program counter (PC) addresses the next instruction... 
2. ...which is fetched into the Instruction register | (PC = PC + 1). The 5; ...but before it is fetched into the instruction register the 
instruction is decoded as ADD contents of B to content of accumulator ADD A,B instruction is completed. This timing overlap 
speeds up addition programs. 
3: The program counter (PC) is then incremented so that it points to the NOTE: The ADD instruction is decoded 
as follows: 
next location in the program memory. ADD contents of defined register 000 = B 
to contents of accumulator 001 = C 
010 = D 
The addition operation can be explained as follows: AOH = 1010 0000 011 = E 
02 = 0000 0010 100 = H 
total = 10100010 = A2y 101 = L 
111 = A 


Figure 11: THE ADD INSTRUCTION ADD A,B. 
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1.9 


FLAGS (EVENTS MONITORS) 


All arithmetic or logic operations use the ALU and in doing so may set 
various flags (or event monitors). Below an example is given in which two 
8-bit binary numbers are added together. Because the result is greater 
than decimal 255 a 9-bit output is produced, thus 


BINARY DECIMAL HEX 
First number 10100000 160 AO 
Second number 10000010 130 82 
Sum 100100010 290 122 


The result produced by the microprocessor is placed in the accumulator. 
Unfortunately, the accumulator can only hold 8 bits so the 9th-bit or the 
carry must be stored elsewhere. The solution to this problem is provided 
by the carry flag which in effect holds the 9th bit whenever it is generated. 


Other flags which are affected by arithmetic and logic operations are the 
Zero (Z), accumulator parity/overflow (P/V), sign (S), add/subtract (N), and 
the binary coded decimal, or so called half carry (H). Let us consider each 
of these in turn and then summarise the explanation by some examples. 


CARRY (C): 


Any addition operation which results in a carry from the most significant bit 
(MSB) of the accumulator sets the carry (C) flag to logic 1. Likewise any 
subtraction which results in a borrow, e.g. 03-06 also sets the carry flag. 


PARITY/OVERFLOW (P/V): 


This flag is set to a particular state depending on the operation being 
performed. 

For arithmetic operations, this flag indicates an overflow condition when 
the result in the Accumulator is greater than the maximum possible 
number (+127) or is less than the minimum possible number (-128). This 
flag is also used with logical operations and rotate instructions to indicate 
the parity of the result. The number of ‘1’ bits in a byte are counted. If the 
total is odd, ‘ODD’ parity (P = 0) is flagged. If the total is even, ‘EVEN’ 
parity is flagged (P = 1). 


ZERO (2): 
Arithmetic and logic operations which have a zero result, for example 


1-1=0, will set the zero flag to logic 1. Otherwise the zero flag will be 
reset. 


1.9.1 


SIGN (S): 

Any arithmetic or logic operation which results in the most significant bit of 
the accumulator being set to logic 1 sets the sign (S) flag to logic 1. The 
importance of this flag will become clear when signed two's complement 
arithmetic is discussed in Section 1.11.2. 

HALF CARRY (H) : 

Any addition which results in a carry from bit 4 (D3) to bit 5 (D4) sets the H 
flag to logic 1. The effect of a subtraction, upon the H flag will be explained 
when BCD arithmetic is discussed later. 

ADD/SUBTRACT (N): 

If the previous operation was a subtract N = 1. 

EXAMPLE OF FLAG OPERATIONS 


Consider the addition of decimal 167 and 195; converting the problem into 
pure binary we obtain. 


1010 0111 (167)10 
1100 0011+ (195)10 
10176 1010 (362)10 
Now analyse the result: 
1) Non-zero result, so Z is 
- reset to 0. 


2) An overflow has occured 
so V is set to 1 


3) no carry from 4th to 5th bit, 
Ye) 
1 (01101010) H is reset to 0 


4) MSB is 0, so S is reset to 
logic 0 


5) Carry out has occurred so 
C is set 


6) N flag = O because an 


addition has been 
performed. 
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1.9.2 FLAG EXPERIMENT 


To convince yourself that the above statements are true, let us now key in 
the addition problem of Section 1.9.1 into the ZETA1 and inspect the 
resultant state of each of the flags. Please read section 2 steps 15 & 16 
before proceeding (page 2-4). 


COMMENTS 


LD A,n(n = A7) 


Binary 10100111 into accumulator 


LOB, n(n = C3) 


Binary 11000011 into Register B. i.e. 


Re-selects start address and set to single 
step mode. Display = 20 00 F7 


Display = 20003E 


Executes 1st instruction displays 2nd instruction address and 
code. Display = 20 02 06 


Repeat of above. Display = 20 04 80 
Repeat of above. Display = 2005 76 


Table 6: KEYING IN A PROGRAM 


Press: 1 the display will be= AF 6AH 2DH where the binary equivalent 
of 2 D is shown below: 


2 D 
SZX H XPV N C 
001 0 1 10 1 


A binary one shows that the corresponding flag is set, i.e. it is at logic 1. 
Two of the bits (X) are unassigned and their display has no meaning. 


To completely convince yourself of the flag operations, repeat the previous 
program, but rewrite data A7 and C3 with some numbers of your own. 
Write down the binary arithmetic and check that the displayed states of the 
flags agreed with the theory. Do not forget to try 0 + 0 to see that the zero 
flag works. 
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1.10.1 


FLAG SETTING INSTRUCTION 


Suppose you wish to move a word into the accumulator and then execute 
a jump instruction if the word has an even parity. Because LD instructions 
do not set the flags the word cannot be tested at this stage. 


The way to overcome this problem is to insert an OR A (B7) instruction 
after the LD instruction. OR(ing) the accumulator with itself does not 
change the accumulator content in any way but it exercises the ALU and 
consequently sets the flags. The flags then reflect the true state of the 
accumulator and any conditional jump instruction (See later) which follows 
becomes valid. Thus OR A can be regarded as a ‘set flags’ instruction. 


PROGRAM JUMPS, BRANCHES AND LOOPS 


Most of the programs described so far have consisted of a sequence of 
consecutive instructions. Such programs are known as linear programs. 
The one exception, which was given without any explanation at all, was the 
moving led program. 


During a program run, the program counter (PC) is incremented 
immediately after each byte of the instruction is fetched. Thus at the end of 
the fetch sequences of any instruction, the program counter (PC) contains 
the address of the next consecutive instruction in the program. However, 
as we shall now see, the next consecutive instruction in the program 
memory may not necessarily be the one we wish to execute. The power of 
a microprocessor or computer lies in its ability to jump about in the 
program sequence and in particular to execute jumps under defined flag 
conditions. 


UNCONDITIONAL JUMPS 


A jump which is executed regardless of any condition is known as an 
unconditional jump. In the Z80 this is a three-byte instruction of the form 
JP nn where the first n is the second byte of the instruction and the low- 
byte of the jump address, and the second n is the high byte; for example, 
the instruction to unconditionally jump to address 2010 is written into the 
memory as 


C3 Op code 
10 ~=low byte 
20 ~~ High byte 


As an exercise, write down the hex codes for the instruction to 
unconditionally jump to address 2050x. 


Put your answer here and check whether it is right by turning to the bottom 
of page 1-35. 


PINS EDR 7 aiiecccsesterstiapedcocec scares oye yen cneazati patel Reedaudsedau lawman stern ceedlaes ue atewtl aia 


1.10.2 CONDITIONAL JUMPS 


All conditional jumps make use of the states of the flags described in the 
previous section [with the exception of half carry (H)]. Thus conditional 
jumps can be programmed to be executed on either a logic-1 or logic-0 
state of the four flags zero (Z), carry (C), parity (P) and sign (S). In other 
words conditional jumps can be programmed to be effective under any 
one of eight conditions. These eight conditions and the 280 jump code 
mnemonics are as follows: 


FLAG CONDITION JUMP MNEMONIC 


not zero (Z = 0) JP NZ,nn 
zero (Z = 1) JPZ,nn 
no carry (C = 0) JP NC,nn 


carry (C = 1) JPC,nn 
parity odd (P = 0) JP PO, nn 
parity even (P = 1) JP PE, nn 
plus (S = 0) JPP, nn 
minus (S = 1) JPM, nn 


Table 7: FLAGS 


Of the four flags available it is probably true to say that in most 
applications 90% of the jumps are executed by testing either the zero or 
carry flag. 


If a conditional jump instruction is encountered, and the specified jump 
condition is not fulfilled, the program merely proceeds to the next 
sequential instruction. As earlier stated, the program counter (PC) already 
contains the address of the next sequential instruction immediately after 
the jump instruction is fetched. It is only if the jump condition is fulfilled, 
that the program counter (PC) content is replaced by the address obtained 
in the second and third bytes of the jump instruction. 


1-34 


Consider the sequence of operation within the Z80 when it encounters a 
jump on zero (JP Z, nn) instruction. 


(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 


(vii) 


(viii) 


The program counter (PC) addresses the instruction and fetches 
code CA (JP Z, nn). 

The program counter automatically increments and points to the 
next memory location. 

Code CA is decoded and the microprocessor then knows that 
this is a three-byte instruction. 

The program counter content is placed onto the address bus and 
the second byte of the instruction, the low address, is read into 
the microprocessor and stored in a temporary register. 

The program counter automatically increments and points at the 
next memory location. 

The program counter output is placed onto the address bus and 
the third byte of the instruction, the high address, is read into the 
microprocessor and stored in a second temporary register. 

The program counter automatically increments and points at the 
next location in the program memory; i.e. it points to the address 
of the next sequential instruction. 

With the address of the next sequential instruction in the program 
counter and the jump address in temporary registers, the 
microprocessor tests the jump condition. In this example (JP Z), 
the jump instruction is executed only if the zero flag (Z) is set to 
logic 1. The microprocessor therefore, tests the zero flag (Z) and 
if Z is logic 1 it overwrites the program counter with the contents 
of the temporary registers. Consequently the next instruction will 
be fetched from the jump address. On the other hand, if Z is 
Logic 0 the jump condition has not been fulfilled and the 
microprocessor leaves the program counter content unchanged 
so that the next sequential instruction is executed. 


WARNING 


When using a conditional instruction ensure that the flag you are testing is 
affected by the event you are monitoring! Read the appropriate details in 
Section 4 (later). 


ANSWER 


The instruction to unconditionally jump 
to address 2050} is:- 


C3 
50 
20 
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1.10.3 


SOME PRACTICAL EXAMPLES OF JUMP INSTRUCTIONS 
EXAMPLE 1 TIME DELAY 


A microprocessor can often produce outputs which are too rapid for 
devices such as printers and VDUs and much too rapid for human beings. 
Therefore it can sometimes be useful to slow down the execution of certain 
parts of a program by means of time delays. 


One way to insert a time delay into a program is to enter some 
predetermined number into a register and to decrement this register by 1 
count. Next, test the zero flag and if it is set proceed to the next instruction, 
otherwise repeat the decrement instruction until it is set. The following 
mnemonics illustrate this type of time delay. 


Before proceeding to write the program codes we need to calculate what 
the delay will be and hence determine what number we must load into a 
register in order to obtain the desired timing. 


To make this calculation we need to know that the ZETA clock frequency 
is 1 MHz and therefore the clock period, or T state duration as it is 
generally called is: 

1/1MHz_or 1psec. Section 4 as we shall see later, provides the following 
information. 


LDr,n 


DECr 
JPNZnn 
TOTAL 


Table 8: INSTRUCTION TIMING 


Hence the time required for the first execution of the loop is 21*1x 10 -6 
secs. (21 ps.) 

The minimum delay of 21,:s occurs when the number loaded into register 
B is 1. 

The maximum delay occurs when the number loaded into B is 00 (why?). 
This produces 1 loop of 21ps followed by 25519 loops of 14ysecs to 
produce a total delay of: 


(1x 21) + (255x 14) = 3591ps 


Suppose the required delay is 1 ms. We can determine n, the value to be 
loaded into register B, as follows: 


1ms = 1000ups. 


After the first loop, which cannot be avoided, 1000 - 21 = 9791s remain. 
Therefore, 69.93 further executions of the loop are necessary. Because 
the loop must be executed a whole number of times we must choose 
either n = 1 + 69 loops orn = 1 + 70 loops. 


1.10.4 


For n = 70 the delay is: 
(1 x21) +( 69x 14) = 987us 
and for n = 71 we obtain (71 is a decimal number) 


(1x21) +(70 x 14) = 1001 


Let us suppose that the 1001ps delay is acceptable and let us further 
suppose that this delay routine began at memory address 2000 H. 
The program would then appear as follows: 


1001 usecs 


Table 9:DELAY LISTING 


The error produced by our program is 1 in a 1000, however similar 
problems could produce a much bigger and unacceptable timing error. 
For example using n = 70 the error becomes 13ps (i.e. 987psec timing). 
This error can be eased, in this case totally eliminated by using “filler” 
instructions. 


Filler instructions are those which have no affect upon the program but 
“use up” the error time. Following our program by code LD A, (nn) would 
exactly consume the 13ysecs. producing a perfect 1m sec. 


EXAMPLE 2. BINARY MULTIPLICATION BY REPETITIVE ADDITION 


A simple method for multiplying together two numbers is the process of 
repetitive addition. Thus 6 multiplied by four can be evaluated by adding 6 
to itself 4 times, that is: 

6x4=6+6+ 6 + 6. 


The Z80 mnemonic for adding the contents of a register to the content of 
the accumulator is ADD A, r where r is the specified register. In passing it 
should be noted that there is no reason why the specified register should 
not also be the accumulator itself, in which case the accumulator content 
is doubled each time the ADD A, A instruction is executed. 
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A flow chart for the program to multiply together two binary numbers, N1 x 


N2, could be as follows. 
Clear the 
accumulator 


LD A,O 
Put N1 into LD B,6 
register B 
Put N2 into LOC,4 
register C 
Add N1 to ADDA,8B 
accumulator 
Decrement 
register C DECC 
JPNZnn 
Y 
Output answer OUTS) oes 
to Port 5 
HALT 


FLOW CHART 2 
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It is very easy to write a loop program with either one too many or one too 
few executions of the loop. So before writing down the codes of the above 
program let us double check it by writing down what happens on each 
execution of the flowchart for 6 add 4 i.e. 6 x 4. 


REGISTER CONTENTS 
PORT 5 OUTPUT COMMENTS 


Before 3rd loop 


C = 0..noloop 


pate | c | ate 


Table 10: LOOP CHECK 


So 6 x 4 should give us an output of 24 which displayed in Hex is 18 and in 
binary is 00011000. 


The Z80 mnemonics which are noted alongside the flowchart can now be 
converted into instruction codes starting from some suitable address, say 
2000 and written down as follows: 


ADDRESS CODE MNEMONIC REMARKS 


ee 

ee ee 
oe [tn irae 
a 
Se 
a ee DECC Loop until c=0 


07 


Display is 18H 


Table 11: MULTIPLY BY ADDING 


Go to Exercise 4 in Section 3 (See page 3-1). 
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1.11.1 


SIGN FLAG 
GENERAL 


So far, whenever we have considered the decimal value of a binary 
number, we have always assumed that the binary number is positive, thus: 


01000 = +410 
W110 = +1516 


When two binary numbers are applied to the inputs of a full adder in a TTL 
circuit, for example, we assume that two positive numbers are to be 
added. Thus: 

6 + 4 = (+6) + (+4) 
Likewise when two binary numbers are applied to a full subtractor we 
assume that two positive numbers are to be subtracted from each other, 
so that: 

6-4 = (+6) - (+4) 
In the Z80 microprocessor all arithmetic operations are carried out by a 
full adder only. To obtain subtraction, the number to be taken away (called 
the subtrahend by mathematicians) is first made negative and then applied 
to the inputs of the Z80 adder circuit in the ALU together with the number 
from which it is to be subtracted (minuend). 
Thus: 6 - 4 
is converted to: (+6) + (-4) 
and is applied to the inputs of the ALU adder to produce the ouput ( + 2). 
Similarly: 4 - 6 
is converted to: (+4) + (-6) 
to produce: (-2). 
All that remains now is to decide how numbers such as (-2) and (-4) are 
to be represented in binary. The answer is to use a form of binary 


representation known as signed two’s complement. The idea is much 
simpler than the name suggests. 
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1.11.2 SIGNED TWO’S COMPLEMENT 


Consider the output of a 4-bit binary up/down counter. When the counter 
is reset to zero, the four outputs are logic 0 and regarded as equivalent to 
decimal 0. If the counter is incremented, the four outputs change as 


follows: 
0000 = 0 
0001 = +1 
0010 = +2 
0011 = +3 
etc 


Similarly, if the counter is decremented the outputs change as follows: 


0000 = 0 
1111 = 1 
1110 = 2 
1101 = 3 
etc 


Writing out the 4-bit table in full we obtain: 


BINARY DECIMAL 
0111 +7 
0110 +6 
0101 +5 
0100 +4 Decrementing 
0011 +3 (counting down) 
0010 +2 
0001 +1 
Zero ——*» 0000 0 
1111 -1 
1110 -2 
1101 -3 
1100 -4 
1011 i a5 Incrementing 
1010 -6 (counting up) 
1001 -7 
1000 8 
Sign Bit 


lf we use the most significant digit as a sign bit, we can then adopt the 
convention that a logic-0 sign bit signifies a positive number and a logic- 
1 sign bit signifies a negative number. 


Thus 0001 = (0) 001 = +1 and 1111 = (1) 111 = -1. 
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A 4-bit system therefore provides a sign bit and the decimal values +7 to 
-8. Extending this idea to the 8-bit system of the Z80, we obtain a sign 
bit and the decimal values +127 to -128. 


BINARY DECIMAL 
iP Sots Ah = 4127 
000000 1 = + 1 
00000 0 0 = 0 
1 1 74 1 #74 «71 «41 ee Ge 
00000 0 0 = - 128 
Sign 1 
Bit 


An advantage of the signed two's complement form of notation is that 
standard binary counters can be incremented and decremented through 
positive and negative values. Another advantage is that two numbers can 
be applied to standard 8-bit full adder and a correct output, representing 
a positive or negative value, is obtained. 


For example: 

6+4= 00000110 + ( +6) 
00000100 (+4) 
00001010 (+ 10) 
and 6-4 = Q0000110+ (+6) 
11111100 ( - 4) 
(1)00000010 (+ 2) 

9th bit 

is lost 


and 4-6 = 00000100 + (+4) 
11111010 (- 6) 


11111110 (- 2) 


Sign 
Bit 


Note how the most significant bit correctly indicates both the sign of each 
number applied to the binary adder inputs, and the sign of the resultant 
answer at the adder output. 
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The sign flag is a direct copy of the accumulator’s MSB. This flag may be 
used in conditional jumps etc., as detailed in Section 1.10.2. Remember? 


When using signed two’s complement arithmetic you must be careful to 
remain within the range of -128 to +127. For example, suppose you 
attempt the following: 


0117411114 (+127) 
00000001 (+1) 
10000000 (-128!) 


Because you have exceeded the permissible limits of the 8-bit signed 
two’s complement binary notation system, it appears that 127 + 1 = - 
128. You must remember that the microprocessor is a blindly obedient 
servant. It will perform the 8-bit pure binary addition of whatever numbers 
you tell it to add, regardless of whether the numbers are pure binary, 
signed binary or even binary coded decimal. 


INDIRECT & REGISTER ADDRESSING 


In Section 1.6 we looked at various register to register load instructions of 
the type LD A,B; LD B,C; LD H,L and so on, strictly called Register 
Addressing. You will recall that these instructions cause data to be copied 
from any specified register in the group A, B, C, D, E, H and L to any other 
register within the same group. thus the instruction LD A,B causes the 
contents of register B to be copied into register A (the accumulator). At 
that time, we did not examine instructions which transfer data between a 
register and a memory location i.e. of the type LD r, (HL) or LD (HL), r. | 
have delayed the explanations until this stage of the package because they 
are relatively complex. 


In the Z80 instruction set, the symbol (HL) is used to denote the contents 
of any 8-bit memory location within the external memory ICs. The use of 
HL as the 16 bit pointer to a memory location is called INDIRECT 
ADDRESSING. 


In Section 1.6.3 the 8-bit instruction code for a LD r, r (copy register to 
register) instruction was found to be made up as follows: 


01 DDD $ss 


awe a 


LOD Code 


Destination Register 


Source Register 
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The bit patterns which select the specified source and destination registers 
are as follows: 


B = 000 H = 100 
C = 001 L = 101 
D = 010 (HL) = 110 
E = 011 A = 111 


Within the Z80 this 3-bit pattern is used to address any one of the seven 
internal registers directly. However (HL) is located in external memory and 
therefore requires a 16-bit address. How can the 3-bit code (110) which 
selects the contents of a memory location produce the necessary 16-bit 
address? The answer is that the bit pattern 110 subsequently causes the 
16-bit contents of registers H and L to be applied to the external address 
bus. Register H supplies the high byte of the address and register L 
supplies the low byte. 


Z80 MEMORY 
— 


S12 | xfH | xfen]n | C | 


ADDRESS 
0000 


(SP) 2000 


«Co 


Figure 12: H AND L AS MEMORY POINTERS 


This diagram Figure 12 shows H and L pointing to a memory location. Any 
instructions using (HL) puts the H and L contents onto the address bus so 
that memory is accessed. In all other respects (HL) can be used just like 
any of the internal registers of the microprocessor. 


Because memory is addressed automatically, (HL) can be treated just like 
any other register. Thus, LD A, (HL) means move the contents of the 
memory location (addressed by H and L) into the accumulator. INC (HL) 
means increment the contents of the memory location (addressed by H 
and L) and DEC (HL) means decrement the contents of that location. 


The disadvantage of using (HL) as a memory pointer is that you, the 
programmer, must make sure that H and L contain the required address 
before any memory instructions (such as LD A, (HL); LD(HL), n etc) are 
executed. On the other hand, the advantage of using (HL) is that there are 
65,536 memory locations to choose from using a single byte instruction. 


The brackets around HL are intended to indicate that the contents of HL 
are used to point to the memory. In other words the memory is not 
addressed “directly” but “indirectly” through HL. 


The diagram below, Figure 13, shows how permanent instructions can be 
stored in one area of the memory, often referred to as the program 
memory and addressed by the program counter (PC), while data can be 
stored in another area of the memory and addressed by HL. 


Suppose, for example, you wanted to add together 100 bytes of data, a 
process which is sometimes referred to as a checksum. Because the Z80 
only has seven registers the 100 hytes cannot be held within the 
microprocessor. Instead they must be held in the external memory. If 
these 100 bytes are stored within a block of memory starting at address 
210FH, the program overleaf would enable the checksum to be computed 
and output to Port 0. 


(SP) 

(PC) 

(IX) RAM MEMORIES 
(IY) FOR VARIABLE 


DATA AND 
TEMPORARY 
STORAGE. 


780 MEMORY 
Ge 
IS |Z] X[H [x feng jC | ADDRESS 
Hi Lo 
[A___| — ROMMEMORIES 0000 
a Co etc 0001 
CE ES 
Ht SS} oproGRaM 
210F 
Cn 


TRs FFFF 


| 


Figure 13: ROM AND RAM MEMORY POINTERS 
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210C 


Table 12: CHECKSUM LIST! 


As an exercise, add remarks to the above program to show you understand 
the use of (HL). 


The above example is typical of the almost universal practice among 
programmers in which the program to be executed is stored in one area of 
the memory while the data to be manipulated is stored in an entirely separate 
area of memory. Figure 13 provides a pictorial illustration of this use of the 
memory. 


The so called single-chip microcomputers such as the Intel 8748 are able 
to exploit this memory arrangement and provide a microprocessor plus a 
ROM for the program, a RAM for the data, and some I/O Ports, all within a 
single 40-pin IC package. Single-chip microcomputers are intended for 
dedicated application in which the program is never changed, for example, in 
cash registers and washing machines. 


The instructions reviewed over page and shown in bold type in Table 13 on 
pages 1-49 are the ones which you should be familiar with at this stage. 
Haven't you done well! 


Now go to Exercise 5 (page 3-5). 
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1.13 REVIEW OF 280 INSTRUCTIONS 


At this stage of the package you should have a clear understanding of the 


following instructions: 
1B 


Z. 


15. 


The 


LD r,r: 


LOr, n: 


LD rp, nn: 


ADD A, ©: 


SUB r: 


. ANDn 


OR on 
XOR on 


AND r 
OR r 


XOR r 

JP nn 

JP cc, nn 
INC Fr: 
INC rp: 
DEC r: 
DEC rp: 
OUT (n), A 
HALT 


where r and r are any of the registers 

A, B, C, D, E, H, L, and (H L). 

where r is any of the registers 

A, B, C, D, E, H, L and (HL). The n represents the 
8-bit data byte which is loaded into the specified 
register. 

where rp is any of the register pairs HL, DE or BC. 
The two n’'s represent the two 8-bit data bytes 
which are loaded into the 16-bit register pair. Note 
that the LSB register (L, E or C) is loaded from the 
first byte n. 

where the content of the register r is added to the 
accumulator and the final result is placed into the 
accumulator. 

where the content of the specified register r is 
subtracted from the content of the accumulator and 
the final result is placed back into the accumulator. 
where the content of the accumulator is either AND, 
OR, or EXCLUSIVE OR gated with the 8-bits 
represented 

by the n. The final result is placed back into the 
accumulator. 

where the content of the accumulator is either AND, 
OR, or EXCLUSIVE OR gated with the specified 
register r 

(i.e. with register A, B, C, D, E. H, L or (HL)). 

where JP means an unconditional jump to the 
address nn. The first n represents the low byte of the 
address and the second n represents the high byte. 
where JP signifies a jump which is dependent on a 
flag state, cc, nn represents the jump address. 
where r is the register whose contents are 
incremented. 

where rp is the register pair whose contents are 
incremented. 

where r is the register whose contents are 
decremented. 

where rp is the register pair whose contents are 
decremented. 

n is the port to which the accumulator contents are 
put out. 

to halt the program. 


instructions in bold type in Table 13 on page 50 are the ones which 
you should be familiar with at this stage. Haven't you done well! Now go to 


Exercise 5 (page 3-5). 
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ist Hex 
character 


RETM 


1-9 2-A 
NOP LD BC,nn 
EX AF, AF’ ADD HL,BC 
DJNZ e LD DE,nn 
JR .e ADD HL,DE 
JR NZ,e LD HL,nn 
JR Z,e ADD HL,HL 
JR NC,e LD SP,nn 
JR C.e ADD HL,SP 
LD B,B LD B,C 
LD C,B LD C,C 
LD 0,B LD D,C 
LD E,B LD E,C 
LD H,B LD H,C 
LOL,B LD L,C 
LD (HL),B LD (HL),C 
LD A,B LD A,C 
ADD A,B ADD A,C 
ADC A,B ADC A,C 
SUB B SUB C 
SBC A,B SBC A,C 
AND B AND C 
XOR B XOR C 
OR B OR C 
CPB CPC 
RET NZ POP BC 
RET Z RET 
RET NC POP DE 
RET C EXX 
RET PO POP HL 
RET PE JP (HL) 
RET P POP AF 
LD SP,HL 


JP M,nn 


2nd (Hex) Character 
4-C 


3-B 


LD (BC),A 
LD A, (BC) 


ILD (DE),A 
LD A, (DE) 


LD (nn), HL 
LD HL,(nn) 


LD (nn),A 
LD A,(nn) 
LD 8,D 
LD C,D 


LD D,D 
LD E,D 


LD H,D 
LD L,D 


LD (HL),D 
LD A,D 
ADD A,D 
ADC A,D 


SUB D 
SBC A,D 


AND D 
XOR D 


OR D 
CPD 

JP NZ, nn 
JP Z,nn 


JP NC, nn 
JP C,nn 


JP PO,nn 
JP PE,nn 


JP P,nn 
EI 


INC BC 
DEC BC 


INC DE 
DEC DE 


INC HL 
DEC HL 


INC SP 
DEC SP 


LD (HL),E 
LD A,E 


ADD A,E 
ADC A,E 


SUB E 
SBC A,E 


AND E 
XOR E 


OR E 
CPE 

JP nn 
OUT (n),A 
IN A, (n) 


EX (SP), HL 
EX DE,HL 


DI 


LD (HL),H 
LD AH 


ADD A,H 
ADC A,H 


SUB H 
SBC A,H 


AND H 
XOR H 


ORH 

CP H 

CALL NZ,nn 
CALL Z,nn 


CALL NC,nn 
CALL C,nn 


CALL PO,nn 
CALL PE,nn 


CALL P.nn 


CALL M,nn : 


Oo 
m 
Fz mo op © 
rPreorr ree > 


56 66 65 66 
— < 

= s 

r 


ad 
a 


ADD A,L 
ADC A,L 


SUB L 
SBC A,L 


AND L 
XOR L 


ORL 
CPL 
PUSH BC 
CALL nn 


PUSH DE 


PUSH HL 


PUSH AF 
CP n 


Table 13: BASIC Z80 MNEMONICS THAT YOU SHOULD KNOW OK! 


LD B,n RLCA 
LD C,n RRCA 
LD D,n RLA 
LD E,n RRA 
LD H,n DAA 
LD L,n CPL 
LD (HL),n SCF 
LD A,n CCF 
LD B, (HL) LD B,A 
LD C, (HL) LD C,A 
LD D,(HL) LD D,A 
LD E, (HL) LD E,A 
LD H, (HL) LD H,A 
LD L, (HL) LD L,A 
HALT LD (HL),A 
LD A, (HL) LD A,A 
ADD A, (HL) ADD A,A 
ADC A, (HL) ADC A,A 
SUB (HL) SUB A 
SBC A, (HL) SBC A,A 
AND (HL) AND A 
XOR (HL) XOR A 
OR (HL) OR A 
CP (HL) CPA 
ADD A,n RST 00H 
ADC A,n RST 08H 
SUB n RST 10H 
SPC A,n RST 18H 
AND n RST 20H 
XOR n RST 28H 
OR n RST 30H 
RST 38H 


1.14 PROGRAM TO FIND THE HIGHEST OF N STORED BYTES 


In this program it is assumed that a block of memory contains a list of N 
binary numbers. The object of the program is to search for the highest stored 
8-bit binary number (byte) and to put this number out at, say, Port 2. To 
achieve this, H & L are made to point to the start of the block of binary 
numbers. Another register, which is used as a loop counter, is loaded with 
the number of items contained in the list to be examined. 


To begin the program, zero is entered into the accumulator. Then a loop 
sequence is entered and the first number in the memory block is compared 
with the number in the accumulator. If the memory contains the larger of the 
two numbers, the memory location content is moved into the accumulator; 
otherwise the accumulator content remains unchanged. Registers H and L 
are incremented to point at the next number in the memory block and the 
loop counter is decremented to see whether all the numbers in the memory 
block have been selected. If not. the loop comparison process is repeated 
and the next number in the memory block is similarly compared with the 
accumulator content. When ail the numbers in the block have been 
compared, the loop counter is zero, the program falls out of the bottom of the 
loop and the accumulator content (which is now equal to the highest number 
found) is output at Port 2. 


The loop comparison instruction CP (HL) compares the accumulator content 
N1 with the memory content N2. If N1 - N2 results in a borrow (i.e. if N2 is 
larger than N1), the carry flag is set to logic 1 but the accumulator content 
remains unchanged at N1. Therefore, if the C flag is set, N2 must 
subsequently be moved into the accumulator so that at the end of the loop 
the accumulator contains the higher of the two numbers that were compared. 
The flowchart. for the sequence we have just described is shown on the next 


page. 
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PRELIMINARY 
Enter table of numbers 


into memory. e.g. eight numbers 
starting at address 2100, 


START 


Enter length of 


List in Register B, 
the loop counter. 


Set H &Lto 
starting address 
of list. 


Clear the 
accumulator 


Compare number in 
memory with that in 
the accumulator 


<> 


Copy memory number 
into the accumulator 


NO 

YES 

ard 
Increment H &Lto point at 
next location in list 


Y 


Decrement B tosee whether 
list is complete 


Output accumulator 
Contents to Port 5 


FLOW CHART 3 HIGHEST OF N BYTES 


A program listing of coding for this flowchart is shown opposite. 
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ADDRESS CODE MNEMONIC REMARKS 


nae 
a TS 
eer 


7 
Aw | 
a 


C 


OUT (n),A finished so output result 


Table 14: HIGHEST OF N BYTES 


Now go to Exercise 6 (see page 3-6). 
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1.15: 
1.15.1 


STACK OPERATIONS 
STACK OPERATIONS 


Suppose you wish to run a main program which requires the use of the 
flags and registers A, B, C, H and L. In addition, suppose that you wish to 
slow down the operation of the main program by inserting time delay 
routines between its various stages. Consider the programming problems 
that follow from the above statements. 


1. Only registers D and E are available to be used for the time delay 
program. 


2. Implied addressing and hence the use of register (HL) cannot be 
used for the time delay routine because H and L are already used by 
the main program. 


3. The time delay will need to make use of the flags. Therefore at the 
end of each time delay routine we must arrange to restore the flags 
to states obtained in the main program, otherwise the main program 
will be Corrupted by the time delay routine. 


One simple solution to these problems is to exchange the “in use” set of 
flags and registers, for the alternate set during the time delay routine and 
to switch back to the primary set for the main program. 


A second and more versatile solution is.to devise some way of saving or 
storing the states of the flags and registers A,B,C,D,H, and L into safe 
areas of the random access memory before a time delay routine is 
executed. At the end of a time delay routine the stored information is 
written back into the appropriate registers and the main program continues 
just as if the time delay had never occurred. Moreover because the main 
program register states are saved and restored in this manner you, the 
programmer, are now free to write the time delay routine without any 
restriction on which register and flags you can use. Luckily the 280, and 
most other microprocessors, have instructions which allow you to do just 
this. 


The Z80 instructions which store the microprocessor register information 
in the RAM are: 


INSTRUCTION DATA SAVED IN RAM 


PUSH qq qq may be register pair 
BC, DE, HL or AF 


PUSH IY Internal registers not yet discussed 


PUSH IX 
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The instructions which load the saved information back into the 
microprocessor registers are: 


INSTRUCTION REGISTERS LOADED FROM RAM 


Registers BC, DE, HL or AF 


Note that the POP instructions sequence must be carried out in the reverse 
order to the PUSH instructions sequence. The area of memory used for 
pushing is called STACK. This is because the stack area addressing 
system produces a last-in-first-out (LIFO) sequence of the stored data., 


Within the Z80 chip, the stack address is generated by a 16-bit register 
called the stack pointer (SP). See figure 1. Initially you, the programmer, 
must decide which area of the RAM you wish to use for stack. At the start of 
your program you must load the stack pointer with the value of the highest 
address in this area by an LD SP,nn instruction. You must also ensure that 
the stack area is not accidentally used by any other part of your program, 
otherwise the data saved on the stack will be destroyed. The stack pointer 
decrements prior to the storage (PUSH) of each data byte and increments 
after each data byte is retrieved (POP). 


Suppose the stack pointer is initially set to address 2800}; and the Z80 
registers contain the following hex information. 
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When the instruction sequence PUSH AF, PUSH BC, PUSH DE and PUSH 
HL is executed the contents of the memory area, which we now refer to as 


the stack, will be: 


MEMORY 
CONTENTS 


(Regi) <~—| 06 | <— 
(RegH) «>| 05 | <— 
(Rege) ~—>| 04 | <— 
(Regd) <—>| 03. | <— 
(Regc) «>| 02. | <— 
(Regs) ~—>| 01 | <— 
(Flags) <—~|  A6 | <— 


ADDRESS 


ASSOCIATED PROGRAM 
INSTRUCTIONS 


27F8 
27F9 
27FA 
27FB 
27FC 
27FD 
27FE 


;— (PUSH HL/POP HL) 
|--- (PUSH DE/ POP DE) 


|— (PUSH BC/POP BC) 


(Rega) <>! 00 | <— |+-- (PUSH AF / POP AF ) 


Unused <—> ——- 


27FF 


2800 ““——— (stack starting address set by 
LD SP, 2800) 


The following points should be noted from the above diagram: 

1. Stack operations do not write any data into the location at the stack 
starting address. To be economical we have initially set the stack 
pointer to address 2800} even though the ZETA1 does not have a 
RAM chip at this address. 


When the stack pointer decrements, to store the first data byte, it will 
address location 27FFy and this RAM location will be used. 


2. The instruction for pushing the flags and the accumulator is PUSH 
3. PUSH and POP instructions always store or retrieve two bytes in 
sequence. 


Now go to Exercise 7 Questions 1 and 2. (See page 3-1) 
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1.16 SUBROUTINES 


Consider further the problem of inserting time delay routines between the 
various stages of a main program. The flowchart could look something like 


this: 


Main Program Stage C 


Time Delay 


and so on 
FLOWCHART 4: LINEAR PROGRAM. 
Obviously a lot of the program memory space is going to be occupied with 


repeated sets of instructions for time delays. This is both wasteful of memory 
ICs and tedious to write. 
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What we want is some way of writing the time delay routine once only and 
selecting it whenever it is required, thus: 


Main Program Stage A 


Time | Time Delay Routine | Routine 


Main Program Stage B 


Main Program Stage C 


Main Program Stage D 


and so on 
FLOWCHART 5: SUBROUTINE PROGRAM 


We could, of course, write a time delay routine and jump to the routine 
starting address whenever a delay is wanted. The problem that arises is 
how to end the routine so that it returns to the correct stage of the main 
program. We cannot return with a JUMP instruction because we would 
always jump back to the same part of the main program. The problem is 
solved for us by two special forms of jump instruction the Z80 CALL nn 
and RETURN (RET). 


The CALL instruction like the JUMP instruction contains three bytes in 
which the second and third bytes show the address to which the program 
must go. Unlike the JUMP instruction which has three machine cycles, one 
for each byte of the instruction, the CALL instruction has five machine 
cycles. The first three machine cycles of the CALL instruction read in the 
three bytes of the code just like the jump instruction. In addition the fourth 
and fifth machine cycles of the CALL instruction PUSH the contents of the 
program counter onto the stack. Thus the stack contains the return 
address from which the main program can continue once the called 
routine is completed. 


To obtain the return address from the stack and hence to jump back to the 
correct part of the main program, the final instruction of the subroutine 
must be RET. Although the RET is a one byte instruction it requires three 
machine cycles, one machine cycle to get return instruction code and two 
machine cycles to get the return address from the stack. A RET is 
therefore like a JUMP instruction except that the address bytes are 
automatically obtained from the stack. 


Because the CALL and RETURN instructions store and retrieve the return 
address of the main program automatically, we can illustrate a subroutine 
sequence as follows: 


MAIN SUBROUTINE 
PROGRAM PROGRAM 


Set Stack 
Pointer ( SP) 
to 2800, 


Call to 
Subroutine at 
22004 
«<_—— Return (RET) 

instruction 


Call to 
Subroutine at 
2200, 


Figure 14: CALL & RETURN 


It is possible for further subroutines to be called during a subroutine. A 
process often referred to as subroutine nesting. 


The following diagram illustrates three nested subroutines. 


MAIN SUBROUTINE 1 SUBROUTINE 2 SUBROUTINE 3 
21001 22304, 2400 


Figure 15: NESTED SUBROUTINES 
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1.16.1 


If we were to inspect the stack during subroutine 3 it would look like this: 


STACK AREA 

ADDRESS OF MEMORY REMARKS 
27FA | 60 Return adress 2260, to 
27FB 2a a Subroutine 2 
27FC | 50 Return address 2150, to 
27FD ed Subroutine 1 
27FE | 30 | Return address 2030), to 
27FF 20. | Main Program 


| _xx |<— _ Start of Stack area set by 
LD SP, 2800 


Figure 16: STACK VIEW 


Provided we match every CALL with a corresponding RETurn instruction 
we can nest subroutines to any depth, limited only by available memory. 


USES OF SUBROUTINES 


Programmers often find it useful to write a number of general purpose 
subroutines and to store them in read only memories (ROMs). 


Typical subroutines are for time delays, reading in characters from a 
keyboard, putting out characters to a VDU or printer, and for various 
arithmetical and sorting operations. 


In ZETA1 Graham has included a number of time delay and other routines. 
These routines are listed in Section 7 and you may use these routines as 
required. 


If sufficient subroutines are stored in the memory you can often write long 
and complicated programs with very few instructions merely by calling the 
appropriate subroutines in the correct order. Your main program can then 
become little more than a framework for calling subroutines, controlling the 
flow of data, and setting the stack pointer. The complicated data 
manipulation is all done within the called subroutines. 
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1.16.2 CONDITIONAL SUBROUTINE CALLS AND RETURNS 


CALLs to subroutines and RETURNs from subroutines can be made 
conditional upon the states of the zero, carry, parity and sign flags. The 
conditions which have to be met are identical to those previously 
discussed for conditional jumps in Section 1.10.2. Therefore the table 
below is given without further explanation. 


FLAG FLAG CONDITION CALL RETURN 


not zero 


zero 


( no carry 
carry 


parity odd 
parity 


parity even 
( plus 
minus 


Table 15: CONDITIONS FOR CALLS & RETURNS 


1.16.3 SUBROUTINE PRECAUTIONS 


When you call a subroutine, obviously you must know what the subroutine 
does even though you may not know how it does it. You must also know 
which registers are involved in the operation of the subroutine. If any of 
these registers contain information which is used again in the main 
program you must save this information on the stack before the subroutine 
is called and retrieve the information back again after the subroutine is 
completed. 


For example, suppose a subroutine uses registers A. B and D and you 
wish to save the original contents of A and B so that they can be used 
again after the subroutine is completed. The relevant program segment 
could be as follows: 


PUSH AF (saves Accumulator and the Flags) 
PUSH BC (saves B & C) 
CALL nn (call subroutine) 

Subroutine Code 


POP BC (retrieves saved B & C data) 
POP AF (retrieves saved Accumulator & Flags) 


Other subroutine precautions which you need to take are: 


a) 


b) 
c) 


qd) 


Check that every PUSH instruction in the program has a 
corresponding POP instruction. 

Check that every CALL instruction has a corresponding RETURN. 
Check that the sequence of POPs is in reverse order to the 
corresponding PUSHes. This is because information on the stack is 
stored in a fast-in first-out sequence. 

Do not allow your stack to run into the main program. 


e.g. 


MAIN PROG 2000 4 
INVA 
STACK 27FF y 


in other words, watch what you are doing with your microprocessor 
registers and keep a note of what is on the stack. 


Now go to Exercise 7, Question 3 (See page 3-7). 
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1.17.1 


1.17.2 


INPUT/OUTPUT PORTS: ELECTRICAL CONSIDERATIONS 
GENERAL 


Section 1.7 gave a brief description of the input and output ports and the 
programmer's view of the OUT instruction. In the ZETA1 the OUT 
instruction to the display output Ports provides the visible sign that our 
program is operating. 


When equipment is microprocessor controlled, the electrical connections 
between the microprocessor and the controlled equipment are usually 
made through the input and output Ports. In this Section we shall consider 
how these connections can be made. 


INPUT PORTS 


Suppose we wish to feed information into the microprocessor from some 
device. Two conditions must be fulfilled: 


1. We must arrange for the device to present its information as a 
parallel 8-bit code. This is because the Z80 is an 8-bit processor. 
If less than 8 bits are generated dummy states can easily be applied 
to the unused bits. If more than 8 bits are generated there is no 
reason why the input device could not be connected to more than 
one Port. The programmer can then write a program which reads in 
the contents of however many ports are used. 


2. The signals from the device must be supplied to the microprocessor 
data bus only when that particular Port is read. At all other times the 
Port must appear to be disconnected; that is, it must present a high 
impedance to the data bus wires. 


When the microprocessor program executes, say, an INA,(4); (DB,04}) 
instruction, the microprocessor reads whatever information is on the data 
bus. To enable the input Port to respond at the correct time the decoded 
address and control signals must be gated together. Figure 17 shows one 
possible gating arrangement for enabling Port 4. 
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PORT 4 ADDRESSED 


ENABLE 
A3 -———_|»>—— PORT 4 


IOREQ 


Figure 17: ADDRESS DECODING. 


IC manufacturers produce families of TTL devices with TRI-STATE or 3- 
state outputs. Two of the states are the conventional logic-O (=OV) and 
logic-1 (+5V) states. The third is a high-impedance state which is 
obtained when both the output transistors of the logic device are turned off: 
see Figures 18 and 19. 
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+5V 


On to produce 
logic 1 output 


TRI 
Both transistors 
ion cepednce Output 
output 
TR2 


On to produce 


logic 0 output 
OV 


Figure 18: TRI-STATE LOGIC. 


Most manufacturers use the following Symbol for a tri-state buffer. 
Input Output 


tri-state 
control 


Figure 19: TRI-STATE SYMBOL. 
The following circuit shows how any input device can be connected to the 


data bus wires at the correct instant using eight tri-state buffers: see 
Figure 20 overleaf. 
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74126 


> DO 
ens a 
as: 
> D2 
INPUT a: 
DEVICE > D3 
| f= MICROPROCESSOR 
> D4 DATA BUS 
as; 
> D5 
Baas; 
> D6 
Bas; 
> D7 
a2 


ENABLE 


PORT 4 Circuit 
of 


Figure 17 


Figure 20: ENABLE INPUT. 
1.17.3 OUTPUT PORTS 
When the microprocessor executes say an OUT Port 4 OUT(n),A; (D3,04) 
instruction, it puts out address 04y, applies the output data (which is held 
in the accumulator) onto the data bus and generates 
IOREQ 
WR pulses 


See Z80 pin outs at Figure 22 page 1-71. 
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Circuit arrangements are very similar to those of the input port and can 
therefore be used to feed data to the output device. See Figure below. 


iS DO 
i D1 
e D2 
Output data ee D3 
on the | 4 Data to 
microprocessor D4 output device 
data bus be 
i eon 
ee D6 
i D7 
PORT 4 Me 
ADDRESSED 
SJL 


Figure 21: ENABLE OUTPUT 
The Address decoded signal can be obtained from the same circuit as 
that used by the Port 4 input device shown in figure 17. If a maintained 
output is required, for example, to drive the led indicators, bistable devices 
must be driven by the tri-state drivers. 


ZETA1's I/O electrical details are not dealt with a this stage. 
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1.17.4 VO ON ZETAI 


The user ports and their addresses are listed below. 


PORT NUMBER PORT NAME PORT ADDRESS 
A2A1Ag 


INPUT PORTS 


PORT 0 LH bar LED 


MID bar LED 
RH bar LED 


Table 16: ZETA 1 PORTS 


A routine to input from port 0 and display at port 0 is shown below. 


ADDRESS 


Table 17: SIMPLE I/O LISTING 


Now go to Exercise 8 (See page 3-8). 
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BCD ARITHMETIC 


It is sometimes more convenient to represent decimal numbers in Binary 
Coded Decimal (BCD) form rather than in pure binary form. 


In the BCD form of representation each number is converted into its 4-bit 
binary equivalent as follows: 


DECIMAL 4-BIT BINARY 
EQUIVALENT 


Table 18: DECIMAL -BCD 


For example, 78 is converted to 0111 1000, thus: 


Decimalnumber = 7 8 
BCD equivalent = “ 0111 1000 


Suppose we use the microprocessor to add 23 and 45. Expressed in BCD 
form, we would obtain: 

0010 0011 = (23) 

0100 0101+ (45) 

0110 1000 (68) 


The answer expressed in BCD form is 68, as required. 
Now suppose we add 23 and 48 
00100011 (23) 
0100 1000+ (48) 
01101011 (67) 


The lower four bits of the answer do not represent a valid BCD code. 
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The problem arises because the microprocessor uses a pure binary 
adder to add together the two numbers. In decimal addition any column of 
numbers whose addition results in a value greater than 9 produces a Carry 
and a remainder. But in 4-bit binary addition, only column results greater 
that 15 produce a carry. When working in BCD form the error can be 
corrected by adding 6 to the answer whenever the column result of the 
binary addition is greater than 9. 


If we apply this correction to the previous example, we obtain: 


0010 0011 (23) 
0100 1000+ (48) 
0110 1011 (Binary addition result here is 
> 9) 
0110 (So add 6) 
0111 0001 (71, correct BCD answer) 


The above example implies that we need to check all BCD addition results 
for column values greater than 9 and to add 6 as appropriate. However, 
this is done automatically by using the DAA instruction. For example, if the 
accumulator (A) contains one BCD number and register B contains 
another, we can add the contents of A and B as follows: 


ADD A,B 

DAA 
Following the DAA instruction, the accumulator will contain the BCD result 
of A plus B. 


Now go to Exercise 9 (See page 3-1). 

REVIEW OF INSTRUCTIONS 

By this stage of the course you should have a good understanding of all 

the highlighted instructions shown in the table over page. Look at the table 

and ensure that you have before continuing. 

The options open to you for the next two hours are: 

1. Go to Section 4 and read the introduction of that section and details 
of the various groups of instructions. 


2. Complete any unfinished problems of Exercises 1 to 9. 
3. Buy the course a round of drinks in the local! 
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1.20 PROGRAM TO RANK ORDER N STORED BYTES 


In this program, an area of the memory contains a block of N different 
binary numbers in a random numerical order. The object of the program is 
to sort these numbers into a descending numerical order. 

For example: 


MEMORY MEMORY ADDRESS 


2100 
2101 
2102 


2103 


There are many ways that this can be done, most of which are variations 
of the following basic idea. 


1) Set up an address pointer to point at the list. 

2) Work throuugh the list comparing each number (N1) to the number 
(N2) in the next location. 

3) lf Ni and N2 are in descending order (as required) carry on and 
compare the next two numbers. 

4) If N1 and N2 are not in descending order, swap positions of N1 and 
N2, set a swap flag, and then carry on and compare the next two 
numbers. 

5) | When the list is completed, check whether the swap flag is set and if 
it is go through the list again; otherwise proceed to step 6. 

6) Halt when ail the numbers in the list have been compared without 
any swaps being necessary. 
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Ist hex 
Character 


0-8 


NOP 
EX AF, AF’ 


DJNZ e 
JR .e 


JR NZe 
JR 2Z,e 


JR NC.e 
JR Ce 
LO B,B 
LO C,B 


LO 0,B 
LO E,B 


LO H,B 
LOL,B 


LO (HL),B 
LO A,B 
AOD A,B 
ADC A,B 


SUB 8B 
SBC A,B 


ANDO B 
XxOR B 


OR B 
cP 8 
RET NZ 
RET 2 


RET NC 
RET C 


RET PO 
RET PE 


RET P 
RETM 


1-9 


LO BC,nn 
ADD HL,BC 


LD DE,nn 
ADD HL,DE 


LD HL.nn 
ADD HL,HL 


LD SP.nn 
ADD HL,SP 
LD B,C 
LoCc,Cc 


LO O0,c 
LO E,C 


LD H,C 
LDL,C 


LD (HL),C 
LO A.C 
ADD A.C 
ADC A.C 


SUB C 
SBC A,C 


AND C 
XOR C 


OR C 
CPC 
POP BC 
RET 


POP DE 
EXX 


POP HL 
JP (HL) 


POP AF 
LD SP,HL 


2-A 


LD (BC),A 
LD A, (BC) 


ILD (DE),A 
LD A, (DE) 


LD (nn), HL 
LD HL,(nn) 


LD (nn),A 
LD A,(nn) 
LO B,D 
LD C,D 


LD D,O 
LD E,D 


LO H,D 
LO L,O 


LD (HL),O 
LD A,D 
ADD A,0 
ADC A,D 


SUB D 
SBC A,D 


AND D 
XOR D 


OR D 
CPD 

JP NZ, nn 
JP Z,nn 


JP NC, nn 
JP C,nn 


JP PO,nn 
JP PE,nn 


JP P,nn 
JP M.nn 


3-8 


INC BC 
OEC BC 


INC DE 
DEC DE 


INC HL 
OEC HL 


INC SP 
DEC SP 
LO 6,E 
LO CE 


LO 0,E 
LO E,E 


LO H,E 
LOL,E 


LO (HL),E 
LO AE 
ADD A,E 
ADC A,E 


SUB E 
SBC A,E 


AND E 
XOR E 


ORE 
CPE 

JP nn 
OUT (n),A 
IN A, (Nn) 


EX (SP), HL 
EX DE,HL 


Di 
El 


2nd (Hex) Character 


dik 


INC B 
INC C 


INC D 
INC E 


INC H 
INCL 


INC (HL) 
INC A 
LO B.H 
LO C.H 


LO D,H 
LO E,H 


LD H,H 
LD L,H 


LO (HL),H 
LD AH 
ADD A,H 
ADC A.H 


SUB H 
SBC A,H 


AND H 
XOR H 


OR H 

CPH 

CALL NZ,nn 
CALL Z,nn 


CALL NC,nn 
CALL C,nn 


CALL PO,nn 
CALL PE,nn 


CALL P,nn 
CALL M,nn 


5-D 


DEC B 
DECC 


DEC D 
DEC E 


DEC H’ 
DECL 


DEC (HL) 
DEC A 
LD B,L 
LD C,L 


LO O,L 
LO E,L 


LO H,L 
LD L,L 


LO (HL),L 
LD A,L 
ADD A,L 
ADC AL 


SUBL 
SBC A,L 


ANDL 
XOR L 


ORL 
CPL 
PUSH BC 
CALL nn 
PUSH DE 
PUSH HL 


PUSH AF 


6-€ 


LD B,n 
LD C,n 


LD D,n 
LD E,n 


LO H,n 
LD L,n 


LD (HL),n 
LD A,n 

LD B, (HL) 
LD C, (HL) 


LD D,(HL) 
LO E, (HL) 


LD H, (HL) 
LD L, (HL) 


HALT 

LD A, (HL) 
ADD A, (HL) 
ADC A, (HL) 


SUB (HL) 
SBC A, (HL) 


AND (HL) 
XOR (HL) 


OR (HL) 
CP (HL) 
ADD A,n 
ADC A,n 


SUB A,n 
SBC A.n 


AND n 
XOR n 


OR n 
CP n 


TABLE 19: BASIC Z80 MNEMONICS THAT YOU SHOULD KNOW (II) OK! 


7-F 


RLCA 
RRCA 


RLA 
RRA 


DAA 
CPL 


SCF 
CCF 
LD B,A 
LO C,A 


LO O,A 
LO E,A 


LO HA 
LOL,A 


LD (HL),A 
LD AA 
ADD A,A 
ADC AA 


SUB A 
SBC A,A 


AND A 
XOR A 


OR A 
CPA 
RST OOH 
RST 08H 


RST 10H 
RST 18H 


RST 20H 
RST 28H 


RST 30H 
RST 38H 


The following flowchart shows the various steps and loops: 


Clear the Swap 
routine flag 


Set up a list register 
to show length of list 
to be examined. 


Swap position of 
nt and n2 


Set flag to show that 
a swap has been 
executed 


Decrement the list 
register (because 
numbers to be compared 
= list -1) 


Have 

all numbers 
in the list been 
compared? 


Set up a block address 
pointer to point 
at first location of 
block of numbers 


Get number (n1) 
from the list 


Swap flag been 


i 


Get next number 
(n2) from list 


HALT 


FLOWCHART 6: RANK ORDER N BYTES 


The advantage of the sequence shown in the flowchart above is that, if the numbers 
in the memory block already happen to be in the correct order, the instructions in 
the flowchart are executed once only. In the worst case the flowchart is executed N 
- 1 times, where N is the length of the list. 
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1.21 


1.21.1 


Before writing the program two points need to be considered: 


1) | The comparison should be such that compared numbers are swapped only if 
n2 > n1 and not if n2 = nt. Therefore, if a subtraction process is used, jump 
on a borrow but do not jump on a zero. An appropriate instruction for this 
purpose is compare (CP). The CP (HL) instruction subtracts the contents of 
the memory location addressed by registers H and L from the content of the 
accumulator and it sets the carry (C) flag if a borrow is produced, i.e. if M > 
A. The result of the subtraction is discarded and consequently the 
accumulator content is unaltered. For this particular program this very useful 
aspect of the CP instruction will become apparent when the program is 
written. 


2) How do we organise the program so it repeats the rank ordering process 
whenever borrow is generated by the swap routine? The simple answer is to 
use a Spare register as a swap flag and to load it with “1” whenever swap is 
performed. After decrementing the list counter to zero, the swap flag register 
is tested. If the swap flag is not set, the rank order is Correct and the program 
halts. 


Now go to Exercise 10 in Section 3 (See page 3-10). 


PROGRAM WAIT STATES, DIRECT MEMORY ACCESS (DMA), AND 
INTERRUPT CONTROL 


GENERAL 


Each of the above operations is fairly complex and will therefore be described in 
detail in the succeeding subsections. Nevertheless, all three conditions do have 
certain similarities and for this reason we will first describe and compare all three 
of them in general terms to avoid the confusions that can sometimes arise when 
each item is described separately. 


Refer to Figure 22, the Z80 pin out diagram shown below. The pins of interest now 
are 


INT NMI M1 


lIORQ BUSRQ - BUSAK 


WAIT 


Note the direction of these signals on the pin out diagram. 
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All 1 A10 A0-15 Address bus 
Al2 2 A9 DO-7 Data bus 
Ai3 3 A8 Mi Identifies Instn. fetch 
Al4 4 A7 MREQ Identifies CPU memory access 
A15 5 A6 IOREQ Identifies CPU Input / Output Access 
CLK 6 A5 RD Identifies CPU READ 
D4 7 A4 WR_ Identifies CPU WRITE 
D3 8 A3 RFSH Dynamic memory refresh cycle 
DS 9 A2 HALT CPU halt executed 
D6 Al WAIT CPU to enter to wait state 
+5 AO INT Interrupt request 
D2 GND NMI Nonmaskable Interrupt request 
D7 RFSH RESET Reset and Intialize the CPU 
DO M1 BUSRQ Request control of the busses 
D1 *——— RESET BUSAK Acknowledge bus request 
INT “<———BUSRQ CLK CPU clock 
NMI <——_ WAIT +5&GND Power supply and ground 
HALT BUSAK 
MREQ WR 
IOREQ RD 
Figure 22: Z80 OUTPUTS 
1.21.2 WAIT 


If required, the Z80 can be operated at a clock rate of up to several MHz. Moreover 
all Z80 machine cycles, whether read or write, are executed in 3, 4 or 5 clock 
cycles. This means that any memory or inpuVoutput device must be able to 
respond within 1.5 to 2.5 us when the microprocessor is operated at its maximum 
clock frequency. Unfortunately, some devices cannot respond at that speed and 
this leaves the designer with two alternatives: 

i) Use a slower rate to match the operating speeds of the memory and 1’O 

devices. 
ii) Run the microprocessor at full speed and make use of the WAIT CONTROL. 


If the WAIT CONTROL is used, the addressed device may indicate that it is not 
able to respond by forcing the WAIT line, (which is normally at logic 1) to logic 0. 
As soon as the device is ready to send or receive data, it sets the WAIT line back 
to logic 1 and the microprocessor will then complete the read or write machine 
cycle. Thus the memory or I/O device can artificially slow the microprocessor down 
to its own pace without affecting the speed at which the micropocessor deals with 
other devices which individually, if necessary, may also make use of the WAIT line 
for the same purpose. 


There is no limit to how long the microprocessor can wait. When the WAIT line is 
low the microprocessor merely marks time. 
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1.21.3 


1.21.4 


THE BUS REQUEST FOR DIRECT MEMORY ACCESS (DMA) 


The BUSRQ signal also causes the microprocessor to mark time, but for a different 
reason. So far we have looked at the microprocessor as a device that either talks 
to the memory or to an input/output device. Hence up to this section the only way 
that VO devices can read from the memory or write into the memory is via the 
microprocessor under the control of the program. this is a slow process and in 
addition it requires a suitable program to be written. One solution to this problem is 
for an I/O device that wishes to communicate directly with the memory to issue a 
BUSRQ signal. On receipt of the BUSRQ signal the microprocessor completes the 
current MACHINE CYCLE, floats the address and data bus wires, and then puts out 
a BUS ACKNOWLEDGE (BUSAK) signal to show that the bus wires are floating. 
When the microprocessor FLOATS its bus wires it in effect disconnects itself from 
these wires so that they can be used by any other device. 


As with the WAIT state, the BUSRQ state can be maintained as long as required, 
indefinitely if need be. 


During the BUSRQ state the I/O device takes control of the address and data bus 
wires, directly addresses any part of the memory, and either reads from the 
memory or writes into the memory. This process is generally referred to as DIRECT 
MEMORY ACCESS (DMA). 


During the DMA sequence the microprocessor merely marks time until the BUSRQ 
signal is released. When the BUSRQ signal is released the microprocessor 
resumes the execution of its program from the point where it left off; just as if 
nothing had happened. DMA is said to be transparent to the microprocessor. 


DMA data transfer is usually operated in one of two ways: either, a byte at a time is 
transferred (sometimes referred to as cycle stealing); or, a BURST-OF-BYTES at 
a time is transferred (sometimes referred to as the BURST MODE). For example, it 
is common practice to record information on magnetic disks in blocks of 128 or 
256 bytes and to use the burst mode of DMA to transfer one block at a time. 


THE INTERRUPT CONTROL (INT) 


Let us suppose that a microprocessor controls a piece of equipment and that this 
piece of equipment is fitted with an emergency PUSH button. The microprocessor 
program could be written in two segments. A main program segment which 
normally runs all the time and an emergency program segment which is called only 
when the push button is pressed. 


The main program could be very awkward to write. Especially if the device had to 
respond to an emergency within, say, one tenth of a second. At regular intervals 
throughout the main program the programmer would have to insert instructions to 
input the state of emergency PUSH BUTTON and to call the emergency program if 
the button is pressed. As a result the main program would contain a large number 
of instructions which under normal conditions would have no effect. Moreover a 
problem could arise with program loops; especially timing loops which last for 
longer than one tenth of a second. 


A neat solution to this problem is to use the interrupt sequence on the Z80 to select 
the emergency program. The main program is then written to run entirely on its own 
with no need for any input instructions to see whether the emergency PUSH 
BUTTON is pressed. The main program thus becomes much easier to write and 
considerable memory space is saved. 
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1.21.5 THE INTERRUPT SEQUENCE 


Figure 23 shows a simplified view of an interrupt system used by many computer 
systems and is applicable to the Z80. 


At time tO the external device asynchronously requests an interrupt by applying a 
signal to the INT pin of the Z80 system: See Figure 23. The microprocessor 
automatically examines the state of the INT line at the end of each instruction cycle. 
lf an INT signal is present the microprocessor then asserts an INT 
ACKNOWLEDGE signal which is read by the interrupting device. Shortly afterwards, 
the microprocessor strobes the data bus information from the interrupting device 
into the Instruction Register (IR), and at this stage pushes the PC on to the stack. 
The code in the instruction register is decoded and used by the system to calculate 
the address of the interrupt routine. 


INTERRUPTS 
SOFTWARE 


next 
instruction 


HARDWARE 


PC 


COMPUTER 
SYSTEM 


ti 


interrupt PC +1 
request 
t1 
interrupt 
acknowledge address 
information 


INTERRUPTING 


interrupting 


DEVICE 


subroutine 


RETURN FROM 
INTERRUPT 


Figure 23: Z80 INTERRUPT RESPONSE 


The purpose of an interrupt is to allow peripheral devices to suspend CPU 
operation in an orderly manner and force the CPU to start a peripheral service 
routine. The service routine is completed by a RETURN FROM INTERRUPT 
instruction (RETI). This instruction returns the CPU to the interrupted program. 
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1.21.6 


INTERRUPT ENABLE - DISABLE 


The Z80-CPU has two interrupt inputs, a software maskable interrupt and a non- 
maskable interrupt. The non-maskable interrupt (NMI) cannot be disabled by the 
programmer, and it will be accepted whenever a peripheral device requests it, this 
interrupt is generally reserved for very important functions that must be serviced 
whenever they occur, such as an impending power failure. The maskable input 
(INT) can be selectively enabled or disabled by the programmer. This allows the 
programmer to disable the interrupt during periods where his program has timing 
constraints that do not allow it to be interrupted. 


In the Z80-CPU there is an enable flip flop (called IFF) that is set or reset by the 
programmer using the Enable Interrupt (El) and Disable Interrupt (Dl) instructions. 
When the IFF is reset, an interrupt cannot be accepted by the CPU. 

Actually, for purposes that will be subsequently explained, there are two enable flip 
flops, called IFFy and IFFo. 


Software enable/disable Temporary storage 
Interrupts for IFFy 


The state of IFF; is actually used to inhibit interrupts, while IFFo is used as a 
temporary storage location for IFF;, The purpose of storing the IFF, will be 
subsequently explained. 


A reset to the CPU will force both IFF; and IFFo to the reset state so that interrupts 
are disabled. They can then be enabled by an El instruction at any time by the 
programmer. When an El instruction is executed, any pending interrupt request will 
not be accepted until after the instruction following El has been executed. This 
single instruction delay is necessary for cases when the following instruction is a 
return instruction and interrupts must not be allowed until the return has been 
completed. The EI instructions set both IFF; and IFFo to the enable state. 


When an interrupt is accepted by the CPU, both IFF; and IFFo are automatically 
reset, inhibiting further interrupts until the programmer wishes to issue a new El 
instruction. Note that for all of the previous cases, IFF; and IFFo are always equal. 


The purpose of IFFo is to save the status of IFF; when a non-maskable interrupt 
occurs. When a non-maskable interupt is accepted, IFF; is reset to prevent 
further interrupts until these are re-enabled by the programmer. Thus, after a 
non-maskable interrupt has been accepted, maskable interrupts are disabled, but 
the previous state of IFF; has been saved so that the complete state of the CPU 
just prior to the non maskable interrupt can be restored at any time. When a Load 
Register A with Register | (LD A, I) instruction or a Load Register A with Register 
R(LD A,R) instruction is executed, the state of IFFo is copied into the parity flag 
where it can be tested or stored. 


A second method of restoring the status of IFF, is through the execution of a Return 
From Non-Maskable Interrupt (RETN) Instruction. Since this instruction indicates 
that the non-maskable interrupt service routine is complete, the contents of IFFo 
are now copied back into IFF1, so that the status of IFF; just prior to the 
acceptance of the non-maskable interrupt will be restored automatically. 
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Non-Maskable 


A non-maskable interrupt will be accepted at all times by the CPU. When this 
occurs, the CPU places the PC on the stack, and does a restart to location 0066y. 
See figure 26. Thus, it behaves exactly as if it had received a restart instruction 
(see later) but it is to a location that is not one of the 8 software restart locations. A 
restart is merely a call to a specific address in page 0 memory. 


NMI INTERRUPT 


1.21.7 


SUBROUTINE 


Figure 26: NON-MASKABLE (NMI) SEQUENCE 
Maskable 


The CPU can be programmed to respond to the maskable interrupt in any one of 
three possible modes - Mode 0, Mode 1 and Mode 2. The Z80 powers up in Mode 
0, disabled. Mode 1 or Mode 2 interrupt operation is entered by issuing the 
instruction IM1 (hex coding ED,56) or IM2 (hex coding ED,5E). The mode 
instruction must be issued before the El instruction. 


Mode 0 


With this mode, the interrupting device can place any instruction on the data bus 
and the CPU will execute it. Thus, the interrupting device provides the next 
instruction to be executed instead of the memory. Often, this instruction will be a 
RESTART instruction. 


RESTART N INSTRUCTION 


The RST instruction codes (C7 to FF) which may be applied to the data bus, by the 
interrupt requesting device, in response to interrupt acknowledge from the 
microprocessor, is decoded and the main program return address (PC + 1) is 
pushed into the Stack. The leading two and trailing three bits of the restart (RST) 
code are zero’d as shown over page at table 20. 
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RST N RST N CODE STRIPPED RST CODE ee 


RST 00, 00 000 000 


RST 08, 00 001 000 
RST 10, 00 010 000 
RST 18, 00 011 000 
RST 204 00 100 000 
RST 28, 00 101 00Q 
RST 30, 00 110 000 


RST 38, 00 111000 
Table 20: RESTART INSTRUCTIONS 


The number of clock cycles necessary to execute this instruction is 2 more than 
the normal number for the instruction. This extra delay occurs because the CPU 
automatically adds 2 wait states to an interrupt response cycle to allow sufficient 
time to implement an external daisy chain for priority control. After the application of 
RESET, the CPU will automatically enter interrupt Mode 0. 


Next, the program counter, high byte, is cleared and the stripped RESTART code is 
placed into the low byte of the PC. This completes the interrupt acknowledge 
instruction cycle. The program Counter now contains the first address of the 
interrupt subroutine and the next instruction will. therefore, be taken from that 
address: (See figure 25) 


RESTART CODE SUBROUTINE STARTING ADDRESS, 


RST 004, 
RST 08, 
RST 10y 


RST 184 
RST 20, 
RST 28, 


RST 304 
RST 38, 


At the end of the subroutine a RETURN from interrupt (RET!) instruction pops the 
stacked return PC value off the stack and the main program is resumed from where 
it left off. 


Mode 1 


When this mode has been selected by the programmer, the CPU will respond to an 
interupt by executing a restart to location 0038H. Thus the response is identical to 
that for a non-maskable interrupt except that the call location is 0038H instead of 
OO66H. Another difference is that the number of cycles required to complete the 
restart instruction is 2 more than normal due to the two added wait states. 


INTERRUPTING 
DEVICE 


RST Code 


RESTART ADDRESS 
| lo | 


= = hi | 
il INTERRUPT 
? SUBROUTINE 


Figure 25: MODE 0 & 1 INTERRUPT SEQUENCE 
Mode 2 


This mode is the most powerful interrupt response mode. With a single 8-bit byte 
from the user, an indirect call can be made to any memory location. See Figure 26 


With this mode, the programmer maintains a table of 16 bit starting addresses for 
every interrupt service routine. This table may be located anywhere in memory. 
When an interrupt is accepted, a 16 bit pointer must be formed to obtain the 
desired interrupt service routine starting address from the table. The upper 8 bits of 
this pointer are the contents of the | register (see figure 1). The | register must have 
been previously loaded with the desired value by the programmer i.e. LD 1,A. Note 
that the CPU RESET clears the | register so that it is initialised to zero. The lower 
eight bits of the pointer must be supplied by the interrupting device, actually only 7 
bits are required from the interrupting device as the least bit must be a zero. This is 
required since the pointer is used to get two adjacent bytes to form a complete 16 
bit service routine starting address and the addresses must always start in even 
locations. 


1-79 


1.22 


INTERRUPTING 
DEVICE 


VECTOR 
ADDRESS (LO) 


PROGRAM MEMORY 


Hi LO 

Ht LO +1 

Ht LO \ INTERRUPT 
SUBROUTINE 


Figure 26: MODE 2 INTERRUPT SEQUENCE 


The first byte in the table is the least significant (low order) portion of the address. 
the programmer must obviously fill this table with the desired addresses before any 
interrupts are to be accepted. 


Note that this table can be changed at any time by the programmer (if it is stored in 
Read/Write Memory) to allow different peripherals to be serviced by different 
service routines. 


Once the interrupting device supplies the lower portion of the pointer, the CPU 
automatically pushes the program counter onto the stack, obtains the starting 
address from the table and does a jump to this address. This mode of response 
requires 19 clock periods to complete (7 to fetch the lower 8 bits from the 
interrupting device, 6 to save the program counter, and 6 to obtain the jump 
address). 


MODE 0 INTERRUPT ON ZETA 1 


The Z80 powers up in MODE 0 but with interrupts disabled. 

the restart addresses given at table 21 are all in PROM and you therefore cannot 
change their content. Restart addresses 0000WH and 0038} are used by the system 
but the rest are available for your use. 


Examine the contents of restart address 0008} the contents should be C3 followed 
by 08 F8. A program executing code CF therefore will restart at address 0008} and 
hence jump to address F808. 


Look back at figure 7, the memory map for ZETA1, and note that although this 
address (F808) is in RAM it is system RAM not normal user RAM. 


Examine the contents of location F808 you will find C3 followed by 00 OA i.e. 
another jump and back into PROM. The address OAOO} is the beginning of a 
routine which tests that mode 0 restart 08} is functioning correctly. We will use this 
test program shortly. 
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1.22.1 


INTERRUPT EXAMPLE 


Examine port 0 and the associated red handbag plug. The lower position of this 
plug INT ACK (Interrupt acknowledge) allows ZETA1 to simulate interrupt activity. 


INT, a pin on the 280 (see figure 22) is asserted by a device requesting an interrupt 
(see figure 25). The Z80 examines this pin at the completion of every instruction. If 
the line is asserted at this time, the Z80 enters the interrupt routine and asserts two 
other signals. 


IOREQ and M1. 

These two signals are effectively ANDed in the ZETA1 and are used as INTACK. 
The result of INTACK, with the plug in its lower position is that port 0’s value is 
placed onto the data lines and is treated as an instruction by the CPU. 

EXERCISE 


Write a program at 2000} which: 
1. (i) | Enables interrupts (El) 
(ii) Outputs 00 to ports 0 > 5 


(ili) “Delays 
(iv) Outputs AAy to ports 0, 1 and 2. 
(v) “Delays 


(vi) Jump to repeat from (ii) above, check that your program works then: 


2. (i) Put the switches of Port 0 to the instruction coding for restart 08 ie C7H. 
Place the handbag plug in the lower position. 

(ii) | Run your program and strike the INT key. Each separate strike of this key 
will generate one interrupt and then return to your program. the interrupt 
program, implemented in ROM, is the interrupt test program and should 
cause the hex displays to be:- 

F8 08 00 
and cause a single illuminated LED to run across ports 21-0 and back 
before returning to your own program. 


You should note ZETAs interrupt sequence of jumping from the restart address to 
system RAM (usually called vectoring) allows you to change the address of the 
interrupt routine to any desired location in user RAM instead of the test program in 
ROM. 

*A 500ms delay may be called at address 040Ex,. 


Now go to Exercise 11 (See page 3-10). 
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SECTION 2 


2.1. 
2.2. 
2.3. 


2.4. 


2.5. 
2.6. 


OPERATING INSTRUCTIONS 


How to Use the Hex keypad 
How to single step through a program. 
How to single step through a conditional instruction 


How to single step through a program and inspect 
the states of the microprocessor registers. 


How to insert a break point. 


What To Do If Your Program Does Not Run 
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HOW TO USE THE HEX KEYPAD 


1. 


To enter your program press R ,This resets the ZETA1 and gets the 
microprocessor operating correctly, and displays the first user RAM 
address (2000}) and its contents. 


You may chose a different starting address in the memory to store your 
program. For example, to start at address 2110H press: 2.1 H 1.0 L Ports 
0 & 3 will now indicate 21 in binary and in Hex, Ports 1 & 4 will indicate 10 
in binary and Hex respectively. 


To enter the required instruction code at the selected starting address, 
you will in future use your data sheet to find the relevant hex code and key 
it in. In exercise 2, your first instruction mnemonic code is LD A,n 
therefore, press : 3E, ports 2 & 5 will indicate 3E in hex. 


If you are happy that the three port areas show the correct high and low 
address and the correct data at that address, press: S The selected data 
is then stored at this address and the next sequential address is 
automatically selected and displayed, to continue the example which you 
started in step 2, the left hand and centre sets of port displays will show 
2111. 


To enter data into the displayed address, press the two required hex keys. 
The right hand ports will display the instruction or data code that has been 
keyed in. If you are satisfied, press S again to store the keyed data and 
automatically select the next sequential address. 


Repeat step 5 to enter each code of the program. If at any step you do not 
want the next address in sequence, after a jump instruction for example, 
key in the required address, the required instruction code at that address 
and then press S. You can now continue in sequence your new address 
as in step 5. As an example, suppose you wish to jump to address 2020}y 
and enter the instruction code for LD A,n. To do this, press: 2,0 H,2,0 L, 
3,E. When you are satisfied, press S and continue entering your code. 


When you have completed the entry of your program, re-select the 
starting address as in step 2. If you wish to re-check your program entry, 
observe the address displayed and the corresponding data byte on the 
three sets of leds. When you are satisfied, press S to see the next 
sequential address and its contents, and so on through the program. As 
explained earlier, if you have not used a continuous block of addresses, 
but have jumped from one block to another in your program, it will be 
necessary to key in the required address after the jump instruction. 


When you are happy that your program has been entered correctly, re- 
select the starting address in step 2. Then to run the program Press ‘G’. 


If the program goes haywire do not panic. just press R to stop it and go 
back to step 2. You can then re-check your program entries and try and 
find out what has gone wrong. Any incorrect entries can then be 
overwritten from the keypad before pressing S to look at the next entry, 
and so on. 
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HOW TO SINGLE STEP THROUGH A PROGRAM 


10. 


11. 


12. 


13. 


Enter your program as in steps 1 to 11. When you are happy that your 
program has been entered correctly, re-select the starting address as in 
step 2. As earlier stated, the first two hex displays show the address and 
the third set, on the right hand side. show the content of the addressed 
location. 


To select the single step mode, press: B. The address contents will 
change to F7, this change will be explained in the Zeta operating 
handbook. 


Press G followed by S. Note that the next instruction is not necessarily at 
the next sequential address. For example, if the address 2000} Contains a 
two-byte instruction the next instruction will be at 20021H. Consequently 
when S is pressed the address display will show 2002} XX where XX is 
the first byte of the instruction (op-code) stored at 2002,. 


To see the next instruction address and op-code press S again, and so 
on through the program. Note that if the program contains an unconditional 
jump or a loop, the addresses and instructions displayed will follow the 
execution of the jump or loop. In other words you will see the program step 
by step as it would be executed. There is one obvious snag to this 
process. If the program contains a loop in which, say, a 16-bit register is 
decremented from an ail 1's state to an all O's state, you will have to press 
the S button at least 131,000 times just to get through the loop. You can, of 
course, devise ways around this problem. One possibility is to rewrite the 
loop instruction so that it is executed only a few times. Then after you have 
single stepped through the program to your satisfaction, you can re-enter 
the original loop instruction. Clearly, you will not have tested the original 
loop instruction and this is the price you will have paid to overcome the 
problem. 


SINGLE STEPPING THROUGH A CONDITIONAL INSTRUCTION 


14. 


The single stepping facility built into ZETA1, allows the operator to set or 

reset the appropriate flag before a conditional instruction is executed. 

Pressing the S key, to single step, will change the display to BB FF. The 

operator must now do one of two operations. 

i) Press the B key, on the hex keypad. This causes the conditional flag 
to be set and the branch is obeyed. 

ii) Press the F key, on the hex keypad. This causes the conditional flag 
to be reset and the conditional branch will fail. 
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HOW TO SINGLE-STEP THROUGH A PROGRAM AND INSPECT THE STATES 


15. 


OF THE MICROPROCESSOR’S REGISTERS 


Repeat step 13 until the address of the instruction to be interrogated is 
displayed. When this address is reached, the right hand set of leds will 
display the instruction code (op-code) which is to be executed.To see the 
contents of each register prior to the execution of this instruction, press the 
appropriate key:- 


HEX KEY PORT 3 PORT 4 PORT 5 

0 PC Hi Addr PC Lo Addr (PC) 

1 AF Accumulator Flags 

2 BC Reg B Reg C 

3 DE Reg D Reg E 

4 Reg H Reg L Contents of (HL) 
5 SP Hi Addr SP Lo Addr (SP) 

6 SP+1Hi Addr SP+1 Lo Addr (SP + 1) 

7 AF Aux Acc Aux Flags 
8 BC Aux Reg B Aux Reg C 
9 DE Aux Reg D Aux Reg E 
A Aux Reg H Aux Reg L (Aux HL) 
B Not Valid 

C Not Valid 

D Not Valid 

E Not Valid 

F Not Valid 


Table 22: REGISTER INSPECTION 


When you have inspected the contents of all the registers you wish to see, 
press S (as you did in step 17) to execute the next instruction, and so on 
through the program. You could, if necessary, inspect the state of every 
register on every step of the program but this would be very time 
consuming. 


HOW TO INSERT A BREAK POINT 


16. 


A break point address, within a program, allows that program to execute 
all its instructions up to but not including the instruction at that breakpoint. 


Keying in an address, using the H and L keys, followed by pressing the 
separate B key sets up that address as a breakpoint. (Previous steps 14 
and 15 set up a breakpoint at the reset address 2000H) ZETA! will 
automatically reset to 2000} when the B key is struck allowing the G key to 
run the program up to the breakpoint address. 


Note: If your program starting address is not 2000H you will need to use 
the H and L keys before striking the G key. 
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Example 


Set a breakpoint at address 2150} within a program whose starting 
address is 2100y. 
i) 21H,50L,B breakpoint address set up. 
ZETA resets to 20004 . 
ii) 21H, OOL.G program runs up to breakpoint address and 
displays the address and its instruction. 


WHAT TO DO IF YOUR PROGRAM DOES NOT RUN! 


The authors of this package freely admit that most of their programs either 
did not run at all or else produced unexpected results at the first attempt. 
The following list of hints is, therefore. based on plenty of experience in 
trying to find out what went wrong. Do not start by looking for complex or 
esoteric faults. Most faults are the result of sheer carelessness and stupid 
errors, and you always kick yourself when you find them. Moreover, having 
made one type of stupid error does not stop you doing it again in another 
program! 


1. 


Check that you have looked up the correct instruction code for each 
mnemonic. Do not forget that LD A. B moves the contents of B into 


When you jump, make sure it is: 

a to the first byte of an instruction, 

b. to the correct instruction. In a timer loop it is very easy to load 
a register, decrement and then jump back to the load 
instruction. The register never empties and the program runs 
for ever, with no outputs. 


Check that the three-byte instructions have: 

a. Low address or data in second byte. 

b. High address or data in the third byte.In other words the 
instruction code always comes first and is followed by the 
address or data codes is in the reverse order to common 
sense; low-byte first and high-byte second. 


Do not assume that registers are empty, at switch on they are usually 
full of rubbish that needs to be either cleared or over-written by 
valid data. 


It is easy to write JP NZ nn when what you really wanted was JP Z 
nn and vice versa. 


Do not overlook the following program quirks of the Z80 instruction: 


a. Loading data into a register does not set the flags. Only 
arithmetic or logic operations set the flags. Often a phoney 
logic operation on the accumulator must be included in the 
program to set the flags, e.g. OR A,A. 

b. DEC rp and INC rp instructions do not affect the flags. Do not 
execute these instructions and then look for a zero. You will 
not find it! 

Cc. DEC r and INC r affect the zero (Z) flag but not the carry (C) 

flag. You cannot decrement and look for a borrow at -1 in 
the register. 
If the above checks do not reveal any faults and the program 
still will not run, break it down into simple segments and 
check that each segment runs on its own. If necessary use 
single step and inspect the register contents. 
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SECTION 3 


EXERCISES 


Exercise 1 
Exercise 2 
Exercise 3 
Exercise 4 
Exercise 5 
Exercise 6 
Exercise 7 
Exercise 8 
Exercise 9 
Exercise 10 
Exercise 11 


INDEX TO EXERCISES AND ANSWERS 


Familiarisation with the Operation of the ETD’s ZETA1. 


Moving Led Program. 

Binary Addition and Subtraction. 

Multiplication by Repetitive Addition. 

Your own Programs. 

Program to Find the Highest of N Stored Bytes. 
Stack Operations. 

Input/Output Ports. 

BCD Arithmetic. 

Program to Rank Order n Stored Bytes. 
interrupts. 


ANSWERS (Immediately following end of Exercises) 
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EXERCISE 1 


EXPERIMENTS AND EXERCISES WITH ETD ZETA1 MICROCOMPUTER 


GENERAL 


The following experiments and exercises are designed to show you how the 
ZETA1 works and to enable you to devise and run your own programs. The 
first few exercises are designed to get you familiar with the ZETA1 keyboard 
and displays and to prove that your ZETA1 is working correctly. The texts in 
the various sections of this package will tell you when to attempt each 
exercise. Because these exercises are arranged in an ascending order of 
complexity and required knowledge, it is essential to have assimilated the 
relevant information before attempting each exercise. Answers and 
comments on each of the exercises are given at the back of this section, and 
you are advised to read these on completion of each exercise. If you have 
any problems, ask for assistance. 


FAMILIARISATION WITH THE OPERATION OF THE ZETA1 KEYPAD. 


ee 


Plug the ZETA1 mains plug into a 13A socket. Switch on the mains supply at 
the 13A socket. 

Turn on the mains switch on the rear of ZETA1. Check that the red lamp 
below the mains switch is now on. 

Ensure that the three red “hand bag" plugs at upper RH side are in their 
right-most position. THE ZETA1 IS NOW OPERATIONAL AND CAN BE 
OPERATED FROM ITS 16-BUTTON HEX KEYPAD. AND. AS YOU WILL 
SEE LATER, OTHER KEYS R to S, INT and NMI. 


Press R on the keypad. 


Press in sequence 00 and check that the right-hand pair of seven segments 
displays show 00 and the bar LEDs below are blank. 


Observe these displays, checking their relevance when the following 
sequences of keys are pressed: 

Press 1,2 observe the displayed result then press 0,0 

Press 3,4 observe the displayed result then press 0,0 

Press A,1 observe the displayed result then press 0,0 

Press F, F observe the displayed result then press 0,0 

Press F, A observe the displayed result then press 0,0 

Press A.A observe the displayed result then press 0,0 
Write down what conclusions you draw from the above exercise, and then 
compare your conclusions with the answers given at the back-of the Section 
(Page 3-11). 
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EXERCISE 2 


1. 


MOVING LED PROGRAM 


The program below sets up a moving led at each of the three LED Ports on 
the ZETA1. Use the hex keypad to set up the high and low starting ADDRESS 
and to enter each of the instruction CODES. The Operating Instructions in 
Section 2, steps 1 to 9 (See page 2-1), tell you how to do this. To check that 
you have understood the Operating Instructions, the required keystrokes are 
shown alongside the program. 

Begin 20, H, 00, L, (OR R) 


ADDRESS CODE MNEMONIC KEYSTROKES TO ENTER 
PROGRAM 
2000 3E LD A,n 3E, S 
2001 01 01,S 
2002 D3 OUT (n), A D3, S 
2003 00 00, S 
2004 D3 OUT (n), A D3. S 
2005 01 01,S 
2006 D3 OUT (n), A D3, S 
2007 02 02, S 
2008 21 LD HL, nn 21,S 
2009 FF FF,S 
200A FF FF,S 
200B 2B DEC HL 2B, S 
200C 44 LD B, H 44,$ 
200D 05 DEC B 05.S 
200E C2 JP NZ, nn C2.S 
200F 0B 0B, S 
2010 20 20.8 
2011 07 RLCA 07.S 
2012 C3 JP,nn C3,S 
2013 02 02,S 
2014 20 20.S 


20, H, 00, L, (OR R) then G. 
Table 23: PROGRAM ENTRY - AN EXAMPLE 


After you have pressed G you should observe a moving led at each of the 
output Ports. Although you may not understand the above program you have 
at least proved that your ZETA is working and that none of the led lamps 
have failed. When you are satisfied, press R to stop your program and to 
return control to keyboard. 


Now go to Section 1.6, page 1-9. 


EXERCISE 3 


BINARY ADDITION AND SUBTRACTION 


it: 


Write a program beginning at address 2000H, to add together the two 
numbers AOH and 02} and to output the answer at Port 2. Use the Load 
immediate instruction to get the numbers to be added, and the ADD 
instruction to perform the addition and the OUTPUT instruction to put out the 
answer. Do not forget that the last instruction must be HALT! Otherwise the 
microprocessor will carry on and try and execute whatever it finds at the next 
address, probably rubbish. When you are satisfied with the program you 
have written, run it on the ZETA, and check that the correct answer is output 
at Port 2. One program solution is given in the answers. 


a Run your program in the single step mode and inspect the register contents 
after each step. Steps 10 to 13 page 2-3 of the Operating Instructions in 
Section 2 explain how to do this. 

3. Replace the ADD instruction in your program by a SUB (subtract) instruction. 
Re- run your program and check that AOw - 02H produces 9Ep at Port 2. 
When you have finished, go to Section 1.9 (page 1-30). 

EXERCISE 4 


MULTIPLICATION BY REPETITIVE ADDITION 


These programs may contain conditional jumps. Read section 2 (page 2-3) 
step 14 which explains how ZETA1 allows you to single step through 
conditional instruction. 

Run the 6 x 4 multiplication program given in Section 1.10.4 (page 1-38). 


Change the two operands to 1219 and 1110. repeat the program and decode 
the result. 


What happens if the product of the operands is greater than 25519? 


Read the answers section (page 3-15) then return to section 1.11 (page 
1-40). 


EXERCISE 5 


YOUR OWN PROGRAMS 


The object of this exercise is to give you some practice in inventing and 
running your own programs.Each of the problems below can be solved using 
only the instructions so far covered in this package, but if you wish, you can 
incorporate any of the other instructions given in Section 4; the choice is 
yours!Short programs seldom run correctly at the first attempt, and long 
programs never run _ first time. Careful documentation of your program is, 
therefore, essential if you want to find out why your program has failed. 
Always develop your program as follows: 

Write down what the program does in general terms and, if possible, give an 
example of the required inputs and outputs. 


Re-write the program in detail as a flowchart. Alongside the flowchart write 
down the mnemonics for the instruction codes you intend to use. 


Write your program listing in the style given, for example, in Section 1.10.4. 


ADDRESS CODE MNEMONIC REMARKS 


Remember User RAM area = 2000 ~ 27FF, for no particular reason, the 
authors of this package have started most of their programs at address 
2000H. To help speed up your documentation program listing sheets are 
available with blocks of address codes already printed on them.The first list 
you should enter onto the program listing sheet alongside the address codes 
is the program mnemonics obtained from the flowchart. Next you can look up 
and enter the instruction code corresponding to each mnemonic. At this 
stage of the process you can also work out and enter the various jump 
addresses (shown in the Operation Codes table as nn).Finally you must add 
some remarks alongside each instruction or group of instructions. These 
remarks should link back to the wording of the flowchart and so complete the 
picture of the program. 


With your program documented in this way it is much easier to locate any 
mistakes and to explain, to other people, what you are doing. 


PROBLEMS 


1. 


Write a program to produce a binary Up-Counter at Port 2. Incorporate any 
delay using two timing registers. 


Extend the program of problem 1 to produce a binary Up-Counter at Port 1 
and binary Down-Counter at Ports 0 and 2. 


Arrange for the binary Up-Counter display output at Port 1 to count to a 
pre-set value and then stop. When this pre-set value is reached arrange 
for the Port 0 and 2 to blink once every 200 milliseconds (100 milliseconds 
on, 100 milliseconds off). 


When you have finished go to Section 1.14 (page 1-50). 
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EXERCISE 6 
PROGRAM TO FIND THE HIGHEST OF N STORED BYTES 
Do problem 1 and if time permits, do problem 2 (reference page 1-51). 


1. Modify the program to find the highest of n stored bytes so that: 
a. _ the first number in the list indicates the length of the list. 
b. the address of the highest byte found is output at Ports 3 & 4. 
Test that your modified program works. 


Example:The list length indicator is located at 2100} and a list of three bytes 
begins at address 2101}. 
The memory content could be as follows: 


2100 03 Indicates a list of three numbers 

2101 43 The first of a list of three words to be examined 
2102 72 

2103 02 


Displayed Answer: 
Port 3 Port 4 Port 5 
21 02 72 
This is the address of the highest byte and its value 


2. Enter the following binary patterns into the memory: 


01010010 
10110110 
00000000 
00111111 
11000000 
10000000 
00000001 
00000000 
111111141 


Write a program to display: 


a. At Port 3 the number of binary patterns that represent signed 
two’s complement negative numbers. 

b. At Port 4, the number of binary patterns that represent zero. 

c. At Port 5, the number of binary patterns that represent signed 
two’s complement non-zero positive numbers. 


When you have finished, go to Section 1.15 (page 1-52). 


3-6 


EXERCISE 7 


STACK OPERATIONS 


1, 


To familiarise yourself with PUSH and POP operations, write a program that: 
a. Sets the stack pointer to address 2800. 
b. Loads the microprocessor registers as follows: 


01 
02 
03 
04 
05 
06 


-IrImMoOdwW 


C. Pushes the register pair contents onto the stack in the order BC, DE, 
HL, 


d. Clears registers BC,DE,HL and then POPs the original contents back 
into these registers. Single Step your program to observe these 
operations in progress. 


Write a program which adds together two binary numbers, outputs the binary 
sum to Port 2 and displays the states of the flags at Port 0. (Hint: Crafty use 
of the PUSH and POP instructions will enable you to get the states of the 
flags into the accumulator). 

When you have finished, go to Section 1.16 (page 1-56). 


if you write a program which uses the stack (i.e. a program involving pushes 
or calls) and you forget to set the stack pointer, you will find that your 
program can still work despite this omission.Look at the contents of the 
address location 0000}, to 0002}, and from this data explain why this is so. 
(Remember RESET restarts the microprocessor from address zero: see 
Section 1.6.9 page 1-20). 


When you have finished, go to Section 1.17 (page 1-62). 
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EXERCISE 8 


INPUT AND OUTPUT PORTS 


1. 


Use LDr,n to store a value 
< 1019 into Register B 


(i) 


(ii) 


input a value from Port 1 


Sum the two values in (i) 
and (ii) 
(saving the inputted value) 


Does 
the sum exceed 
an 8 bit valid 
answer? 


Output contents of Register B 


Write a program to execute the routine shown in the following flowchart. 


to Port 3 


Output to Port 4 the value 
input at Port 1 


Output sum at Port 5 


Jump to get anew 
value from Port 1 


HALT (Error) 


FLOWCHART 7 SUM OF TWO NUMBERS 


Consider the problems of inputting a specified number of different, values 
from port 1. 
The flowchart below outlines a basic but flawed algorithm. 


Set memory pointer 
to first address of area 


to be used as storage. Increment memory 


pointers 
AS 


Set register to hold number 
of values to be inputted 
(count of numbers store) 


Jump to repeat 


Input a value from the port 
specified and store in memory 


HALT 


Decrement count of 
numbers store 


All 
numbers read 


FLOWCHART 8 INPUTTING SEVERAL VALUES 


When you understand the argument behind the above chart you should 
consider the speed at which the coding would run and how the program 
does/does not allow you to change the value at the inputting port. 


You may wish to combine a solution to the problems of inputting n 
numbers with the one you produced at exercise 6 question 1. 


When you have finished return to1.18 page 1-68. 


EXERCISE 9 


BCD ARITHMETIC 


1. 


Write a program which displays the BCD values of n1 and n2 and the BCD 
sum on Ports 1, 0 and 2 respectively.Ensure that your program will solve 
correctly, the following problem: 


+ 
38 
2. Write a program which puts Port 1 and Port 0 to zero and displays a 
progressive BCD count from 0 to 99 at Port 2. 
When you have finished, go to Section 1.19 (page 1-70). 
EXERCISE 10 


PROGRAM TO RANK ORDER N STORED BYTES 


4. 


Write a program to rank order 819 different bytes stored in a block of block 
memory starting at address 2100y,. 


Write a rank order program to cater for lists that may contain two or more 
numbers of equal value. 


EXERCISE 11 


INTERRUPTS 


1. 


Write a main program and two interrupting routines, one using restart 10H 
the other using restart 18H. (Suggestion - for visual effect; main program 
to affect port 0, first and second interrupt routines to affect only port 1 and 
port 2 respectively). 


Your program should allow an interrupt program to be interrupted. You 
may wish to re-read Section 1.22. You should note that, at power up, 
Graham has provided a system RAM address to vector to an (enabled El) 
INT test program in ROM, and you will need to make use of this 
information to answer the question above. 
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ANSWERS SECTION 


EXERCISE 1: ANSWERS 


STEPS 1 to 4: CONCLUSIONS 


a. 


The value of each hex key operation is first displayed by the right- 
hand hex display, in hex, & in 4 bit binary form by the RH 4 bars of 
the LED.” 


Each time a key is pressed, any display prior to the key operation is 
shifted to the left. Hence when an n digit hex number is keyed in, the 
final display equals the last two key strokes. 


The circuits controlling the keyboard and output display obviously 
have some INTELLIGENCE. For example, when a key is pressed, 
even though the key contacts will inevitably bounce, the key 
operation is correctly interpreted as one entry and not as several 
entries. The circuits also provide the hex to binary Conversions and 
the shifting operations described in a. and b. We will investigate this 
intelligence later. 


Now go back to the main text, Section 1.5 (page 1-7). 


* Computer displays are generally called output ports. The ZETA1 has 6 
output ports; the LED's are ports 0, 1 and 2 the hex displays are ports 3, 4 
and 5. In the present mode of operation ports 0 & 3; 

1& 4; 2 & 5 are showing the same information in binary and hex forms 
respectively. 


EXERCISE 2: 


There are no answers to this exercise but the following explanation is 
given to satisfy your Curiosity. 
The program can be explained in general terms by the following flowchart: 


Put 00000001 
into the accumulator 


Display accumulator 
contents on the three 
bar leds 


Wait 2 seconds 
Shift accumulator 
contents left 


Moving 
bit 
FLOWCHART 9: MOVING LED 
For completeness, the program is shown fully annotated. The various 


codes and MNEMONICS will be explained as you progress through the 
course. At this stage, they probably won't mean anything at all to you. 
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MOVING LED PROGRAM 


This program causes a single led to come on at each output Port and to 
step one place to the left after a short delay. 


ADDRESS 
HEX 
2000 


2001 
2002 


2003 
2004 
2005 
2006 
2007 
2008 


2009 
200A 
200B 
200C 
200D 
200E 
200F 
2010 
2011 


2012 


2013 
2014 


CODE 
HEX 
3E 


01 
D3 


00 
D3 
01 
D3 
02 
21 


C3 


02 
20 


Table 24: MOVING LED LISTING 
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MNEMONIC 


LD A.n 


OUT (n), A 


PORT 0 
OUT (n), A 
PORT 1 
OUT (n), A 
PORT 2 
LD HL, nn 


n 
n 

DEC HL 
LDB, H 
DEC B 
JP NZ, nn 
n 


n 
RL CA 


JP,nn 


n 
n 


REMARKS 


Load a single 
Logic 1 bit 
into the 
accumulator. 


Display the 
accumulator 
content at 
Ports 0, 1 nd 
2. 


Set up a time 
delay by 
loading FF 
FF into H and 
L and 
counting 
down to zero. 


Rotate 
accumulator 
contents one 
step to the 
left. 

Jump back to 
the display 
instruction. 


EXERCISE 3: 


QUESTION 1 


ADDRESS 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 


QUESTION 2 


CODE 
3E 
AO 
06 
02 
80 
D3 
02 
76 


MNEMONIC REMARKS 
LDA, Nn 


Table 25: ADD TWO VALUES LISTING 


To single step through the above program you should have done something 
similar to the following: 


Note 
i) 


ii) 


KEYSTROKES DISPLAY* 
R 20H 00 L BG 20 00 3E 


N+*NNN =D 


20 02 06 
20 04 80 
AF AO 42 
BC 00 FF 
20 05 D3 
20 07 76 
AF A2 AO 
BC 02 FF 


COMMENTS 

Address and contents 
Address add contents 
Address and contents 

REG A and Flags, contents 
REG B and C, contents 
Address and contents 
Address and contents 

REG A and FLAGS, contents 
REG B and C, contents 


Table 26: REGISTER DISPLAY 


*The Addresses shown here point to the operational code of each 
instruction code. 
tThe flags and contens will be explained later. 
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EXERCISE 4: ANSWERS 
A: The answer at Port 5 should be 18, i.e. 24 40. 
2. The new data codes should be entered as follows: 
ADDRESS CODE COMMENT 
2003 0C +1210 
2005 OB +1110 
The answer at Port 5 should be: 84 = 132 10 
3. Any two numbers whose product is greater than 255 will cause the 
accumulator to overflow. The following solution is one of the many possible 


ways of overcoming this problem, you can probably think of some more 
elegant solutions yourself. 


Clear H and L 


Put multiplicand 
into DandE 


Put multiplier 
into accumulator 


Add D and E to 
HandL 
Decrement 
Accumulator 


Yes 


Output H and L 
to Ports 0 and 1 


FLOWCHART 10: OVERCOMING OVERFLOW PROBLEMS 
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3 cont 


Registers pairs H & L, D & E, and B & C can all be used as 16-bit registers. 
The instructions ADD HL,DE (19), for example, adds the contents of 16-bit 


register pair D and E to the 16-bit register pair H & L. 


Armed with this information we can write the following program and use 
extended registers H & L to hold the answer, D & E to hold the multiplicand, 
and the accumulator alone to hold the multiplier. We shall use the program to 
solve the multiplication problem 182 x 216. 


ADDRESS CODE 
20 00 26 
20 01 00 
20 02 2E 
20 03 00 
20 04 16 
20 05 00 
20 06 1E 
20 07 B6 
20 08 3E 
20 09 D8 
20 0A 19 
20 0B 3D 
20 0C C2 
20 0D OA 
20 OE 20 
20 OF 7C 
20 10 D3 
20 11 04 
20 12 7D 
20 13 D3 
20 14 05 
20 15 76 


Table 27: MULTIPLY BY ADDING 


Return to 1.11 page 1-40. 
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MNEMONIC 


ADD HL, DE 
DEC A 


JP NZ nn 
Lo add 

hi add 

LD A,H 
OUT (n), A 


REMARKS 


Clear H andL 


Put 18219 into D 
andE 


Put 21649 into the 
accumulator 

Add D and E to H 
and L 

Repetitive addition 
loops 


Output 16-bit 
answer at 
Ports 4 and 5 


99H, 90H 
(39, 312 ) 
Halt 


EXERCISE 9: ANSWERS 
QUESTION 1: 
FLOWCHART 


[Petnaintoe 


FLOWCHART 11: BCD ADD 
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QUESTION 1: PROGRAM 


ADDRESS CODE MNEMONIC REMARKS 


ADD A,C Add 38 


Table 28: BCD ADD LISTING 
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QUESTION 2 
FLOWCHART 12: BCD COUNT 


Clear Accumulator 


Output to Port 0, 1 and 2 


Decimal Correct 


YES S 
NO 


Output Answer to Port 2 


Table 29: BCD COUNTER LISTING 


CODE MNEMONIC 


9 SUBA 


OUT (n),A 


Timer with Registers B, C 


ADDRESS 


REMARKS 


Clear Accumulator 


Clear Ports 0, 1 and 2 


OUT(n),A 


OUT(nN)A 


arid 

8s —«| our a_ 

00 

8s «dCi _| ; 

ice ea Se es 

pos ura _| 

a 
2007 -+| 06 -+i|ioen | SOS 
a 
Ea SL 
[2000 OC~—SSOCSCSCSC‘“‘C*S 
[2008 «| SC«dSSC(‘iCCOC~“—S~SCSSCSCS 
p00 SC*dESCPNn S| CSC~—SSCSC*Y 
[2000 oe dCtBSSC*dS SSCs 
p00 SC«dEC“(U’#™SCOUNC#*NSSCSC“‘®SNSNSNCNCNCO 
[2007s SC«dSCitCYSOS~SSCSCS 
P2010 CSCidSCP SOP SCSC~—SSCS 
ES A 
ae a A (ATE (en 
[2013 C*dSSCNCA «Screen A 
[30147 Sd iA dSS«C cima acust 
SO 
P20 | COSC*dYC(‘éO’”*CO™#*d#C*CO#‘*Sart again 399 
SES 
[2078 [03+] OUTInA_|__ Otherwise outputtoPon? 
Es A 
[aC CSCS] SSCS 
[20s sti SSC*dESC*‘i a S~*«dSC*ésump back torent 
ee ee 


3-19 


EXERCISE 11: ANSWER 
MAIN PROGRAM 


[2000 «SSC SSSC*dTCSSCSUBA Clear Accumulator 
| 2001] Bs OUT (nA Clear Ports 0, 1, 2, 3, 4and 5 
[300s iSC*CTIMVASCdPC~“~*S*S~SCS 
ae ee eee 
zor | is SC«dYCSCTASC*dTSSCSC~CSCS 
a a en a ee 
[2009s CC CdCOC™~—CSCSCSCSCS 
2008 -| os +| oumma | SSCS 
Se a Fa ac 

ae ae Enable interrupts 


OUT(nN)A Output to Port 0 


CA JPZnn Begin again at completion of 
upcount 


Table 30: INTERRUPT MAIN PROGRAM LISTING 
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‘Subroutine 1 start address 2100H 
Restart address 10H, code D7, output port 1 
Subroutine 2 Start address 2200H and note necessary change of 
“in code” addresses 
Restart address 18H, code DF, output port 2 


Enable interrupts 

Clear Accumulator 

Out to appropriate Port 
100 ms timer 

Out to appropriate Port 


Finished, go to appropriate 
address 


C3 Continue count from appropriate 
address 


Enable interrupts 
Return from interrupts 


Table 31: SUBROUTINE LISTING 


QUESTIONS 


1. What happens if after setting restart 10H on port 0 and hitting the INT key you 
then change the port 0 switches to 18H and hit the key again? 


2. What happens for repeat strikes of INT? 
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SECTION 4 


4.1 
4.2 
4.3 
4.4 
45 
4.6 
4.7 
4.8 
49 
4.10 


Z80 INSTRUCTION SET 


Introduction 

Symbolic Notation 

8 Bit and 16 Bit Load Groups 
Exchange Group 

8 Bit Arithmetic Group 

General Purpose Arithmetic Group 
Rotate & Shift Group 

Bit Set Group 

Input Group 

Call & Return Group 

Tables 4-12 
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4.1 


Z80 INSTRUCTION SET 


The Z80 microprocessor has one of the most powerful and versatile 
instruction sets available in any 8-bit microprocessor. It includes such 
unique operations as a block move for fast, efficient data transfers within 
memory, or between memory and I/O. It also allows operations on any bit 
in any location in memory. 


This section is a summary of the Z80 instruction set showing the assembly 
language mnemonic, the operation, the flag status, and gives comments 
on each instruction. 


The instructions are divided into the following eleven groups: 


i 8-bit loads vii Rotates and shifts 
ii 16 -bit loads vii Bit set, reset, and test 
operations 
iii Exchanges, block transfers, ix jumps 
and searches 
iv 8-bit arithmetic and logic x Calls, returns and restarts 
operations 
V xi 


The full listing of the Z80 instruction set that you are about to examine, 
describes each instruction in great detail. The descriptions are, however, 
symbolised and you will have frequent reference to the following:- 


4.2 


SYMBOLIC NOTATION 


Symbol 


S 
Z 


P/V 


Operation 


Sign flag. S = 1 if the MSB of the result is 1. 
Zero flag. Z = 1 if the result of the operation is 
0. 

Parity or overflow flag. Parity (P) and overflow 
(V) share the same flag. Logical operations 
affect this flag with the parity of the result while 
arithmetic operations affect this flag with the 
overlow of the result. If P/V holds parity: 

P/V 1 if the result of the operation is even; 
P/V O if result is odd. If P/V holds overflow, 
P/V 1 if the result of the operation produced 
an overlow. If P/V does not hold overlow, P.V 
=0. 

Half-carry flag. H = 1 if the add or subtract 
operation produced a Carry into, or borrow from, 
bit 4 of the accumulator. 

Add/Subtract flag. N = 1 if the previous 
operation was a subtract. 

Carry/Link flag. C = 1 if the operation produced 
a carry from the MSB of the operand or result. 


Operation 


The flag is affected according to the result of the 
operation. 

The flag is unchanged by the operation. 

The flag is reset by the operation. 

The flag is set by the operation. 

The flag is indeterminate. 

PN flag affected according to the overflow result 
of the operation. 

PN flag affected according to the parity result of 
the operation. 

Any one of the CPU registers A,B,C,D,E.H,L. 
Any 8-bit location for all the addressing modes 
allowed for the particular instruction. 

Any 16-bit location for all the addressing 
modes allowed for that instruction. 

Any one of the two index registers IX or IY. 
Refresher counter 

8-bit value in range <0,255>. 

16-bit value in range <0,65535>. 


*H and N flags are used in conjunction with the decimal adjust instruction 
(DAA) to properly correct the result into packed BCD format following 
addition or subtraction using operands with packed BCD format. 
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THE INSTRUCTION TABLE 


4.3 


8 Bit Load Group 


The instructions of the 8 bit load group are listed on page 125, each 
instruction is detailed under eight headings. Examine the first 3 instructions 
shown and note that: 


1. 


4/5. 


Mnemonic 
We are already familiar with this notation. 


Symbolic Operation 

The arrow indicates the direction of the data transfer i.e. from r’ tor. 
The mnemonic LD r,r is read as “Load into register r the contents of 
register r’. 


Flags 

The affect of each instruction on the individual flags is indicated - 
refer to the previously mentioned symbolic notation overleaf for the 
meaning of | and X. 


Opcodes (in binary and in hexadecimal) 

Some Opcodes cannot be fully specified, since particular 
instructions would use particular destination and source registers. In 
practice r and r’ are replaced by the appropriate 3 bit code from the 
table shown in the comments column 


Number of Bytes 
You should agree with the number shown here for these first three 
instructions. 


Number of M (Machine) Cycles 
This value indicates the number of external - internal operations 
required to execute an instruction. 


Number of T States 

Each instruction requires a number of clock cycles to complete and 
determine the speed of program execution see section 1.10.3 for 
example. 


Before discussing the next two listed instructions LD r, (IX + d)& LD rly + 
d) refer back to the Z80 functional diagram at Figure 1 and identify the two, 
16 bit registers, IX and lY. We shall see later that the Z80 has_ instructions to 
load a sixteen bit value, separately, into each of these registers. 


To explain the operation of the “three byte” instruction LD r, (IX + d) we will 
assume that a 16 bit value exists in register IX. The symbolic column entry 
is r <—(IX +d). The bracketed value is taken as an address * 


Therefore, the value IX + d is used as an address in memory. The arrow 
indicates that the data at this address is loaded into register r. In an exactly 
similar way the next instruction listed LD r (IY + d) is read as: Load into 
register r, the contents of a memory location whose value is calculated by 
the addition of the 16 bits contents of register lY and some value d. 


Examine the group description of these two instructions again and note, the 
value “d” obtained in each case, from the third byte of the instruction. The 
OP code listing specifies an op code of DD and FD for IX and IY 
respectively. The specific register r and the value d must be declared by the 
programmer. 


Example: 


assuming that a list of 10 data items exist in a Computers memory from 
address 2100}. The programmer can access individual values in this data 
by: 


1. loading the IX (or IY) register with 2100H . 
2 Using the LD r, (IX + d) instruction to transfer individual values, 
within the list, into a specified register. 
3. The 6th data value could be loaded into reg A by the instruction: 
LD A, (2100 + 6) i.e. using a “preset” IX reg. 
The corresponding 3 byte instruction is shown below:- 
11011101 (DD) 
01111110 (7E) 
00000110 (06) 
or a preset lY reg 
FD 


* You should note that brackets within Z80 coding always indicate that the 
contents represent an address circuits of a memory location or a port 
location. 


Read the rest of the 8 bit load group and ensure you understand their effect. 
The symbolic operation column should help you. If in any doubt ask your 
instructor. 


Example 1 
Assuming that the value 23y is stored in location 2201} and the accumulator 


is cleared. State the effect, on the accumulator when the following code is 
executed by the 280. 


Example 1 Answer 

3A is the op. code for LD A (nn) 01 & 22 are the lo and hi byte respectively of 
the address 2201}. 

Therefore when executed this instruction will load 23 into the accumulator. 

16 Bit Load Group 

The first three instructions of this group load a 16 bit value into either BC DE 
HL SP IX or IY. The first n, second byte of the instruction, is placed into the 
lo byte of 16 bit destination and the second n into the hi byte of the 16 bit 
destination. 

Example 2. 


The instruction coding - 


hex binary 

21 0010 0001 
03 0000 0011 
20 0010 0000 


is of type LD dd,nn and specifically will load H with 20 and L with 03. 

The next few instructions include the expression (nn), remember a bracketed 
term is an address in 280 op codes. Since we are loading a 16 bit value the 
contents of address nn and nn +1 are used. The symbolic operation column 
defines precisely where these two bytes are to be loaded. Where IX IY 
registers are involved IXy and IX_ defines the high and low bytes of this 
register. 
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Example 3 


Decode separately the following three instructions, assume the storage 
conditions shown are true at the fetch cycie of each example. 


Address Contents 


2203 06 B 
2204 2A 

H 
sP 

(i) 2A (ii) ED (iii) ED 

03 6B 73 

22 03 03 

20 20 
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Answer 3 


(i) 2A Op code for LD HL,(nn) 
where address involved is 2203y 


Therfore 06 is loaded into register L 
2A is loaded into register H. 


(ii) ED ED & 6B are the op codes 
6B for LD dd, nn where 

03 dd is HL and the source 

20 address is again 2003} 


Therfore 06 is loaded into register L 
2A is loaded into register H. 


(iii) ED ED & 73 are the op codes 
73 for LD (nn), dd where 

03 dd is the stack pointer 

20 register (SP) 


Therefore 00 is loaded into address 2203y and 28 is loaded into 
address 2204y 


Study the remaining 16 bit load group instructions, the symbolic operations 
column should help you to understand the affect of their execution. 


EXCHANGE, BLOCK GROUP 


Accepting that EX is short for exchange, and remembering that bracketed 
terms indicate an address, and using the symbolic operation column as a 
guide, you should understand all these instructions. 

LDI/LDD instructions are for block transfers of data, the programmer must 
provide the test and loop coding. 


LDIR/LDDR instructions are for block transfers and have a built in test and 
loop facility. 


8 BIT ARITHMETIC LOGICAL GROUP 
The first five of these instructions are offered without further explanation. 


ADC A,s is the mnemonic for ADD together the accumulator contents, the 
carry bit and the value S (where S is defined in the comments column). 


ADC A,s is a short hand form of writing six instructions each of which is 
similar to the first six of this group. 


ADCA,s is shown expanded in the symbolic column to indicate that the 

sum is A + CY +s, where CY is the carry flag value and S is any one of 

the sources defined in the comments column. You should note this 

comment statement and for example agree that the code for AND (HL) is 
10 100 1102 = A6 

check this against table 3. 


As an exercise produce the hex coding for the following mnemonic coding 
+ check against table 3 for validation. 


Exercise 4 


(i) SUBCA,n (ii) XOR (HL) (iii) DEC (HL) 
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GENERAL PURPOSE ARITHMETIC GROUP 


DAA previously described. 

CPL, NEG, CCF & SCF are fully described in the symbolic operation 
column. 

You may care to speculate on the * statement associated with the DI and 
El instructions. 


16 BIT ARITHMETIC GROUP 


This 16 bit arithmetic group of instructions is fully defined in the symbolic 
operations column, note the definitions of ss, pp and rr in the comments 
column. 


ROTATE AND SHIFT GROUP 


The symbolic operation column illustrates these instructions and should be 
readily understood the first complication is the group RL m, however the 
comments column defines how the pattern 010 shown at the Op code 
column for RL m replaces the 000 pattern in the RLCs. You should agree 
that RL (IX + d) has the coding: 


11011101 DD 
11 001 011 CB 


d d 
00 010110 16 


The SRA m instructions symbolic column shows the MSD being replicated 
at execution. This is to ensure the integrity of a signed value being 
maintained, i.e. a number shifted one place right in a register is effectively 
divided by two. 


Therefore since 11 0000002 = -64 
An SRA executed produces 11100000 = -32 OK! 


RLD/RRD 

Shift in the pattern shown, 4 bits of data between memory (HL) and the 
lower half of the accumulator. The codes have a use in BCD bit 
manipulation. 

BIT TEST GROUP 


The comments column in this group explain the meaning of ‘b’ and ‘r’ in 
these instruction. 


The first four instructions perform a bit test (BIT) on a specified bit (b) in 
specified locations r, (HL), (IX + d) or (IY + d). The symbolic operation 
indicates that the Z bit will be set if the bit tested is zero otherwise the Z 
bit will be reset. Note that these instructions only affect the Z flag. 


The remaining instructions in this group set a specified bit or reset a 
specified bit. Note that SET instructions do not affect the flag states. 


4-9 


49 


Example 5 


Resetting bit 06 in a memory location whose address is in HL could be 
performed by. 

RES 6, (HL) 
The binary coding would be: 


11 001 011 

10 110 110 
hex value* CB 

B6 


If you have difficulty obtaining this result, study the coding for SET 6 (HL) 
then obey the comment column wording. When you have done this check 
that: 


RES 5 (IX + d) 


has the binary code: 
- 11011 101 
11 001 011 
d 
10 101 110 


hex equivalent DD 
CB 
d 
AE 


INPUT GROUP 


IN A, n has been dealt with previously 

IN r, (Cc) - Remembering that brackets contain an address, in this case it 
is a port address. The symbolic coding indicates that the contents of 
register C are taken as a port address and input from this port is stored in 
any specified register r . Note the status of a ports content can be read by 
specifying that 


r = 6 (110), 
in which case the SZH and P flags are conditionally affected. 


INVIND, Input & increment, Input and decrement respectively allow direct 
input to memory (HL) from a port address specified in register C. 


INIRANDR, as above but with the additional loop feature of (B =0) 
automatically built in. 


The out instructions should now be easily understood. (See over page for 
example). 
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Example 
o[ 3 [ 1 Jc 
[oa me 
The coding ED BA when executed would take the value at port 1 and store 
it in locations 2100 20FF 20FE. 
CALL & RETURN GROUP 


CALL nn; CALL cc, nn; RET & RET cc should be readily understood from 
earlier reading. 


RETI is specifically a return from interrupt instruction and is for use in 
setting interrupt priority chaining when certain Z80 support chips are in 
use. On this course RET & RETI are interchangeable. 


RETN The return from non maskable interrupt should be used in the 
appropriate coding since, as previously mentioned, it loads IFF; rom IFFo. 


RST p's have been fully dealt with earlier. 


8-BIT LOAD GROUP 


Mnemonic . 
Operation| 5 7 H PV N C]76 543 210 
LOr,n re—n 00 r 110 
en> 


011 101 
01 r 110 
ed> 


— 
LD (IY +d) 


17.6111 «+101 


01 r 110 
«ed> 


11. 011 #101 
01 #110 r 
«ed> 
11. 111 «101 
01 #4110 r 
«d> 
00 #110 110] 36 


en-> 


— 
— 


n n 
Oo Oo 


LD(IX +d),n | (IX +d)en 11. 011 101} DD 
00 110 110) 36 
«-d-> 
| eno 
11. #111 #101 FD 
00 110 110) 36 


ed> 


_ 


LD A.(BC) 
LD A.(DE) 


— 


LD (BC), A 
LD (DE), A 


— 


“n> 


00 001 010 
00 011 01 


0 
00 111 010 


«n> 


n> 


00 000 010 
00 010 010 


00 110 010 


«n> 


= 


- Min Mm w oO w 
“_ Of[n ON NTN TNR p> 


n> 


[o>] 
9 


11. 101 101 


01 O01 111] 4F 


NOTE IFF, the content of the interrupt enable flip-flop, (IFF2 is copied into the PN flag 


m 
Oo 


LDA, | aor tx FF O 11 101 1011 €D 
01 010 111] 5 
01 011 111 
LDILA I-A 11 101 101 
a Ee 


> 


12 


No. of 
Bytes 


j 
2 


] 


No. of 
M Cycles 


No of T 
States 


~ 


7 


= = — -_ 


Comments 


= 


a 
r°) 
: 


000 8 
001 C 
010 D 
OIITE 
100 H 
101.L 
111 A 


16-BIT LOAD GROUP 


Symbolic 


LO dd, nn 


LD IX, nn 


LDIY, nn 


LD HL, (nn) 


.O dd,(nn) 


LD IX, (nn) 


-DIY,(nn) 


-O (nn), HL 


.D (nn), IX 


Operation 


dde—nn 


IXenn 


lYenn 


He-({nn + 1) 
Lenn) 


dd,,(nn + 1) 
dd, <(nn) 


IX,«—-(nn + 1) 
IX,<(nn) 


1¥,,<-(nn + 1) 


IY¥,<{nn) 


(nn + 1)eH 
(nnje—L 


(nn + 1)edd, 
(nn)e—dd, 


(nn + 1)e—1X,, 
(nn)e—1X, 


Flags 


00 ddO 001 


Opcode No.of | No.of | NoofT 
Bytes | M Cycles | States 


n> 


en» 


FO 
21 


111 


101 
100 001 
n= 


n> 

101 010 
n> 
en 


101 101 


dd1 011 


n> 


«n> 
011 101 
101 010 
n> 


nv @G 
> Oo 


en 
111° 101 
101 010 
en 
n> 
100 010 
n> 
n> 
101 101 
ddO 011 


«n= 


No 
No 


en- 


nun O 
Nn oO 
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Comments 


16-BIT LOAD GROUP CONT. 


LD SP,HL SPe—-HL 


No of T 
States 


Symbolic 
Operation 


Comments 


No. of | No. of 
Bytes | M Cycles 


116111 «101 
00 100 010 


(nn + 1)elY,, 
(nnje1Y, 


n> 


nace oa 


111 a 
111 om Pair 
PUSH qq (SP-2)<-qq, qqd 00 BC 
ak (SP-1)<—aq,, 01 DE 
SP »SP-2 10 HL 


PUSH IX (SP-2)e-IX, 


(SP-1)<-IX,, 
SP<SP-2 


PUSH IY (SP-2)~-IY, 
SP-1)-lY,, 
SP<~SP-2 

POP aq aque(SP + 1) 
aq. SP) 

4 IXe4SP +1) 
IX, <{SP) 
SP +2 


SP +2 
I¥,<{SP + 1) 


IY, —(SP) 
SP +2 


NOTE:(PAIR)y, (PAIR), refer to high order and low order eight bits of the register pair respectively, e.g. BC_ = C, AFy = A. 
SP increments on POP operations. 


EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS 


co symbolic en ee No.of | No. of 
: Comments 
Operation fs 2H ON N C{76 543 210 Bytes | M Cycles| States 

eXxDExHL [oEoHL |. - x - x. fir or ont] eB | ot | ot 4 | Regusterbank | 

EXAF.AF’ | Ps. x x [00 001 oof o8 | ot ft | 4 | andauxiiary | 

register bank 

Pee 

peer [dew 
L<»(SP) 

perm Ieee | oon |p SL 
IX, «(SP) 11 100 011 

EX(SP), IY I¥,,<o(SP +1 
IY] «(SP) oe 

LDI (DE) (HL) 2 Load (HL) into 
DE—DE + 1 (DE), increment 
HL<HL + 1 the pointers & 
BC—BC-1 decrement the 

byte counter 

| (BC) 

LDIR (DE)<(HL) EO 2 21 ifBC #0 
DE<DE +1 BO 2 16 ifBC =0 
HL@HL +1 
BC<BC-1 
Repeat until 
BC =0 

i} 

LDD (DE)<-(HL) ED 2 
DE<—DE-1 A8 
HL<HL-1 

LDDR (DE)—(HL) ED 2 If BC #0 
DE<DE-1 B8 2 if8C = 0 
HL<HL-1 
BC<BC-1 
Repeat until 
BC =0 

/ ae 

CPIR A- (HL) 2 21 if BC # Oand 

| A#(HL) 

[ HL<-HL +1 2 16 if BC = Oor 
BC—BC-1 A = (HL) 
repeat until 
A =(HL)or 

| BC=0 

; Fae 

CPDR A-(HL) ED if BC 20 and 

Az (HL) 
HL<—HL-1 B9 if BC =O or 
BC<—BC-1 A =(HL) 
Repeat until 
A=(HL) or 
BC =0 


© PWN flagisO if the result of BC-1 = 0, otherwise P/V = 1. 
@ PWN flagis 0 if only at completion of instruction 
@® Z flagis1ifA = (HL), otherwise Z = 0 


8-BIT ARITHMETIC AND LOGICAL GROUP 


Symbolic No. of 
Operation Bytes 


.of | NoofT 
M Cycles | States 


> 
o 
Oo 
> 
=z 
= 


AeA + (HL) 


> 
~] 
o 
> 
x 
+ 
Ss 
> 
ft 
> 
+ 
= 
+ 
S 


> 


Ae-A-S 


AeA-s-CY nr +d) as 


|| 

Eat 

Bowe 

Laan 

aes) 

lie te all shown for ADD 
a instruction The 
| indicated bits 
aa ae the 
ra 00 inthe 
Hall ADD set above. 
aes 


(Ix +d) (IX + d)e— 
(IX +d)+1 


(IV + d)— 
(I¥ +d)+1 00 


bo ee 
ak al 
ce bal al al 
EE aed 
ae ieee) 
aS ieee 
eel Reese 
eel 
aes are 
eae eg 
Lee 
Peep tts 
ee eee) 


7) 
m 
ia) 
3 


2 2} 2/219 oe 
a ral va) e 

— ~~ 

< I 

+ a 

= 


NOTE: Misany ofr, (HL), (IX +d), (IY +d) as shown for INC. DEC same format and states as INC,. Replace 100 with 101 in opcode. 
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GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS 


No. of 
Bytes 


fies 
Les 
101 101 


di1 110 ne 


NOTE: @converts accumulator content into BCD following add or See with BCD operands. 
IFF indicates the interrupt enable flip-flop. 


& Indicates interrupts are not sampled at the end of El or 01. 


No of T 
States 


No. of 
M Cycles 


Symbolic 
Operation 


Decimal adjust 
Com Ener 
accumulator 

(one’s complement). 
Negate acc. 
(two's 
complement). 


Complement 
carry flag. 


Set carry flag 


9) 

i 

~< 
~ Ww 


17. 101 «+101 


01 000 100 


00 000 000 


41 eee 101 
or 110 


101 


0 Operation 
PU halted 


9/212 
: 


aha 


set interrupt 


3 
af: 
© 
° 


Set interrupt 


wn 
oO 
oe 
5 
eo 
@ 
“ 
a 
is 
3 


3 3 
° 3° 
a [a 
o @o 
Ro —_ 
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BIT SET, RESET AND TEST GROUP 


aa 
SET b,{HL) (HL)be—1 


SETb(IX¢d) | (iX+d),e-1 
SETbIY +d) | (IY +d),<-1 


NOTE: The notation m, indicates location m, bit b (0 to 7) 


To form new 
opcode replace 
11 of SET b,s 
with 10 Flags 
and time 
states for SET 
instruction 


No. of 
Bytes | M Cycles 
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16-BIT ARITHMETIC GROUP 


AOC HL, ss HLe 
HL +s5s+Cy 


SBC HL, ss HLe 
HL-ss-CY 


sess +1 


INC IY YetY +1 


sse—55-1 


DEC Ix IXeIX-1 
DEC IY IVetY-1 


ROTATE AND SHIFT GROUP 


Symbolic 
Operation 


RLCA 
CY &— 7 €&0e& 
A 
RLA 
CYe¢7 €0€ 
A 
RRCA 
> 72» 00> CY 
A 


720 CY 


7 So 
RLC (HL) 
CY¥e-7<—0 


RLC (IX + d) 


00 000 111) 07 Rotate left 
circular 
an ae 
00 001 111 


accumulator 
Rotate left 
accumulator 


Rotate right 
circular 


accumulator, 


Rotate right 
accumulator 


Rotate left 


00 O11 111 


circular 
register r. 


id Reg 


a 
oO 


oO 


OQ 
1] 


r,(HL),(IX + d),(IY +d) 


a 
oO 


RLC (IY + d) 


RL m CY¥e-7<—0 
m =r,(HL,(Ix + d),(lY +d) 


RRC m 720-CY 


m =r(HL (Ix + d),(1Y¥ +d) 


72+0-CY 
m =r,(HL,(IX + d),(IY +d) 


m=r,(HL,(IX +d),(IY +d) 
m =r,(HL,(IX + d),(1Y +d) 
m =r,(HL,(IX + d),(IY +d) 


RLD 7-4 3-0 7-4 3-0 


Rotate digit 
left and 

right between 
the accumu- 
lator and 
location (HL). 
The content 
of the upper 
half of the 
accumulator 
is unaffected. 


7-4 3-0 + 7-4 3-0 
A (HL) 


11 101 101] ED 
01 100 111] 67 
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JUMP GROUP 


symbotc | = Fags, | Opcode || nonot | wo.of |Nootr 
Operation ls z oH PN NC] Bytes | M Cycles] States 
JPnn PCe-nn C3 cc Condition 
001 Z (zero) 
JP cc, an If condition cc 010 NC (non-carry) 
| is true PCenn, 011 C (carry) 
otherwise 100 PO(parity odd) 
continue 101 PE (parity even) 
Re PCePC +e 00 011 000 110 P(sign positive) 
an anna Sa el a MO Gl reo 
IRC,e IfC=0 00 111 000 7 if condition not met. 
continue <e-2 +> 
| PCe-PC+e 
|JRNC,e ifC=1 00 110 000 7 if condition not met. 
continue <—e-24 
PCe-PC +e 
ifZ=0 00 101 900 7 if condition not met. 
continue <e-2> 
PCe-PC+e 
iWZ=1 00 100 000 7 if condition not met. 
continue <e-2> 
pay) _fpceme +i. . « . « . . .{n ior of eof 1 [1 | «| | 
a a ee 1 
11. #101 001 
realest [ 2 { 
Be—B-1 00 010 000 ifB =0 
lfB=0 <—e-2> 
continue 
IfBz«0 IfB #0 
PC—PC +e 


NOTE: erepresents the extension in the relative addressing mode. 
@ is a signal two's complement number in the range <-126, 129>. 
e - 2 inthe opcode provides an effective address of pc + e as PC is incremented by 2 prior to the addition of e. 
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CALL AND RETURN GROUP 


Symbolic 


If condition 
cc is false 
continue 
otherwise 
same as RET 
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If cc is false. 
(f cc is true. 


CC Condition 
000 NZ(non-zero) t_ p 
001 Z(Zero) 000 OOH 
010 NC(non-carry) 001 08H 
011 C(carry) 010 10H 
100 PO (parity odd) 011 18H | 
101 PE(parity even) 100 20H 
110 P (sign positive)101 28H 
111 M(sign negative)11030H 
111 38H 


INPUT AND OUTPUT GROUP 


if r=110 only 

the flags will 

be affected 

(HL)<{C) C to ApA, 
B<-B-1 B to Agh* Ais 
HL<HL + 1 


(HL}eC) . C to Ag*A, 
B—B8-1 (lf B #0) B to Ag*A\, 
HL<—HL +1 4 

Repeat until (if B =0) 

B=0 


C to AXA, 
B to AgA,, 


(HL)—{C) . 5 C to Ap*A, 
Be-B-1 (if B #0) B to AgA\5 


HL@—HL-1 
Repeat until 


B=0 
OUT (n), A [(n)ea 11 010 011 
oe om 
ee en cee ee 
@ 01 r 001 


OUTI (C)<HL) 11. 101 101 
B<—B-1 100 011 
HL<HL + 1 

OTIR (C)e—(HL) 
BeB-1 
HL<HL + 1 
Repeat until 
B=0 

OUTD (C)«+HL) Cto AgXA, 
B<-B-1 Bto Ag4A,, 
HL<HL-1 


OTDR (C)}{HL) 5 CtoAgtA, 
B<—B-1 (If B #0) B to Ag*Aig 
Repeat until (If B =0) 
B=0 


NOTES: QiIfthe result of B-1 is zero, the Z flag is set; otherwise it is reset. 
@ Z flag 's set upon instruction completion only. 


nto Ag*A, 
Acc to AgV'A,5 


Cto AoA, 
B to Ag*Aic 


C to ApXA, 
(If B #0) B to Ag*Ai5 


4 
(if B =0) 


m 
Bo 


om 
oo 
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SUMMARY OF FLAG OPERATION 


8-bit add or add with carry. 
8-bit subtract, subtract with carry, compare and negate 


Ee 
16-bit add. 


ADD A,s; ADCA,s 


SUB s; SBCA, 5; CPs; NEG 
ORs, XORs ! 


. 
x 
°o 
x 


bPi> 
iw Rie) 
ATO 
|g 


a 


Oe 
IN IND; OUT, OUTD x [Block input and outputZ = 1if8*0 othewseZ=0 


iva) 


: 
: 
; 


x 
4 
x 
= 


Rotate digit left and right. 
Decimal adjust accumulator. 
omplement accumulator 


[M,) 


lock search instructions, Z=1if A=(HL), otherwise Z =0. 


P/V = 1if BC £0. otherwise P/V = 0. 


The content of the interrupt enable flip-flop, (JFF) is copied 
into the P/V flag 
The state of bit b of location s is copied into the Z flag 
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SECTION 5 


FLOWCHARTS AND PROGRAM DESIGN 


CONTENTS 


5.1 
5.2 
9.3 
5.4 
5.5 
5.6 


Introduction 

Flowchart Symbols 
Program Design 
Structured Programming 
Typical Program Sequence 
Summary 
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FLOWCHARTS AND PROGRAM DESIGN 


INTRODUCTION 


Flowcharts provide a valuable means of designing and documenting a 
program. They make it easy to see the logic of a program, to explain it to 
other people, to check for errors and to make modifications. In the same 
way that a circuit manual will often start from simplified overall block 
diagrams of the equipment and progress through detailed diagrams of the 
overall blocks, to the circuit component details, so flowcharts can be used 
to progress from the general overall ideas down to the specific machine 
codes. Although flowcharts enable the logic of a program to be checked, 
by hand if necessary, they cannot show up such things as hardware timing 
problems. Also, flowcharts for routines within routines can be time 
consuming to produce and difficult to follow. 


FLOWCHART SYMBOLS 
There are a large range of flowchart symbols and as is commonly the 
case the British Standard (BS4058) and American standards differ. 


However, the following symbols are universally agreed and are the only 
symbols that need to be used for most programs. 


START (ENTRY) OR END (EXIT) of program or section of 


_ Cl) 


ANY statement, process, procedure or calculation to be 
executed. i 


Any condition that is tested to determine which statement is 
to be executed next. | 


Figure 27: FLOW CHART SYMBOLS 
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5.3 


PROGRAM DESIGN 


There are two basic approaches to program design each of which if 
followed slavishly can have serious drawbacks. Consequently, most 
programmers try and use the best ideas from each method and to avoid 
the known pitfalls. 


The first approach known as bottom up design is to produce the various 
subroutines and procedures which will eventually compose the main 
program. Each routine is written in a way that makes best use of the 
instruction set, the microprocessor speed and the available hardware. 
Each such program is written in isolation and not necessarily by the same 
programmer. With this system the problems occur when you try and put 
the various routines together to form the overall program. 


The second approach to program design is called top-down design. Here 
you first decide the overall program stucture and try to get its logic correct 
before you even consider how to write the subroutines and procedures 
which carry out the detailed processing. At this stage the main program is 
tested by writing dummy procedures called stubs. The stub programs 
merely return dummy values to enable the main program logic to be 
tested. 


At this stage you then know the overall program structure works. The 
problems with pure top-down design are that the various subroutines and 
procedures which you had hoped were possible may not be practical 
within the constraints of your main program and the hardware available. 


A compromise approach to the top-down versus bottom-up controversy 
is to start with a top-down design while keeping in mind some idea as to 
how each of the required procedures can be implemented. Any 
procedures which are suspected to be difficult can then be tackled to see 
if they are feasible. If a required procedure then proves impossible the 
main program can then be changed to permit an alternative solution. The 
principal advantage to top-down design is that the main program 
structure can be written and tested at an early stage. 


Subsequently each procedure is written and added to the main program in 
place of its stub. It is then checked to operate correctly within the main 
program and if any clashes occur they are resolved before the work 
proceeds any further. 


This approach ensures that as each procedure is added it not only works 


on its own but that it also works successfully within the main program. It 
also provides a good indication of how far the job has progressed. 
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5.4 STRUCTURED PROGRAMMING 


The following diagram is typical of an unstructured program. 


Figure 28: UNSTRUCTURED PROGRAM 
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Such a program could perhaps be very efficient in terms of speed or 
memory space but if at some later date it revealed a programming error (a 
bug) it would be quite difficult to trace the cause. Difficulties arise 
because:- 

a. Some blocks can be entered from several directions so that the 
source of data that produces the program error may be difficult to 
determine. 

b. Loop programs are entered in the middle and left before the loop 
is completed. 

Cc. Loop sequences criss-cross one another until they look more 
like knitting than a flowchart. 

Theorists have shown that it is possible to produce any program using a 
sequential combination of just five simple structures. Moreover, certain 
high-level languages such as PASCAL are designed to make use of 
these particular structures. 


Structure No. 1: A linear sequence. 


STATEMENT 


STATEMENT 


Figure 29: A LINEAR SEQUENCE 


This is a simple linear program but it does show one of the key points of 
structured programming in that there is only one ENTRY into and one EXIT 
from any structure. 


Structure No. 2: IF... THEN...ELSE 


EXIT 


Figure 30: IF...THEN...ELSE 


in this structure a condition is tested. Either the condition is true and one 
set of statements is executed or it is false and another set is executed. If 
you are familiar with BBC BASIC (for example) you will already be aware 
of the IF...THEN...ELSE statement. At the Z80 machine code level the 
conditional test must involve a jump dependent on the state of a flag. 


‘THEN’ ELSE’ 
STATEMENT STATEMENT 


Structure No. 3: REPEAT ... UNTIL STRUCTURE 


ENTER 


STATEMENT 


TRUE 


EXIT 


Figure 31: REPEAT UNTIL STRUCTURE 


In this structure a series of statements are executed until some condition is 
fulfilled. Once again REPEAT... UNTIL will be familiar to users of BBC 
BASIC. The key feature of this structure is that statements are executed and 
then a condition (eg is register B zero?) is tested. If the condition is true you 
move on to the next part of the program, if it is not true, the loop is repeated 
by executing a JPZ,nn instruction for example. 


Structure No. 4: DO...WHILE 


ENTER 


FALSE 


EXIT 


Figure 32: DO...WHILE STRUCTURE 


TRUE 


STATEMENTS 


The main difference between this structure and the REPEAT....UNTIL 
structure described previously is that the condition under consideration is 
tested immediately and only if it is true are the various statements executed. 
The statement WHILE...DO exists in PASCAL. 
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Structure No. 5: Case Structure 


YES 
STATEMENTS 
Figure 33: CASE STRUCTURE 


In this structure the sequence to be executed depends upon some value 
which is tested step by step. In Z80 machine code this structure could be 
implemented by comparing say an unknown value in the accumulator with 
various known values in the memory CP(HL). If a comparison is found the 
appropriate sequence is selected. In BBC BASIC this structure can be 
implemented by the ON GOTTO statement. In any structured program the 
five structures just desribed are connected end to end to form the required 
overall program. This arrangement avoids the criss-cross loops shown in 
the unstructured example given earlier. Moreover each structure can 
easily be tested separately since it only has one entry and one exit point. A 
statement box in any structure can be replaced by another structure. This 
is possible because statements and structures both have only one entry 
and exit point. Consequently structures can be nested to any depth without 
destroying the basic simplicity of the system. 


TYPICAL PROGRAM SEQUENCE 


YES YES 
STATEMENTS STATEMENTS 


A large program often consists of some sort of initialisation and test 
procedure which is selected on reset. Usually this program is held in a 
permanent memory (ROM) so that it can be selected immediately after 
switch on. Provided this initial procedure is successful, the main program 
is selected and often consists of a simple sequence of procedures 
repeated in a loop. Any procedures selected by interrupts stand alone and 
are selected as required provided interrupts are enabled. General purpose 
procedures such as reading in keystrokes, time delays and displaying 
outputs are usually written as subroutines so that they can be called as 
often as required by the main program as shown on the following page. 
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RESET 
INITIALISE 
& TEST 


NO INDICATE 
FAULT 
YES 


SUBROUTINE 


MAIN & 
PROGRAM INTERRUPT 
PROGRAMS 


Figure 34: TYPICAL PROGRAM SEQUENCE 
5.6 SUMMARY 


Program writing, like any other problem, can be solved by defining what 
you want to do in general! terms and then working through to a particular 
solution. Any systematic way of working from the general to the particular 
is much better than no system at all. The systematic approaches of top- 
down design and structured programming have been found useful by other 
programmers, are weil documented in text books and are therefore worth 
considering. Finally, if you haven't seen it already, do view the video tape 
‘Introduction to Flowchart’ by Ralph Bowsfield. 
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FAULT FINDING ON MICROPROCESSOR CIRCUITS 


INTRODUCTION 


Although most of this course has involved writing small programs to 
demonstrate how the microprocessor, its memory, ports and peripherals can 
be used, a majority of maintenance engineers will have a greater interest in 
how to find faults on equipments rather than how to write user application 
programs. 


In common with other electronic circuits, a basic understanding of the 
elements of circuit design is a useful starting point from which to analyse a 
fault condition. With microprocessor driven circuits it is also necessary to 
have a basic understanding of simple programming techniques so that known 
electrical conditions can be produced and tested. Thus the ability to write 
simple test programs is one of the most useful skills that can be acquired by 
anyone intending to fault find on programmable equipment. Sometimes 
manufacturers provide built in test programs as an aid to fault diagnosis and 
the ability to understand these programs is essential. 


Many microprocessor based equipments automatically run through a test 
program after switch on and programs of this type are incorporated in the 
BBC ZEUS equipments. Commercial equipments such as microprocessor 
controlled printers often execute a test program which causes the entire 
character set to be printed out. Such programs not only test the electronic 
circuitry but also prove the mechanical parts of the machine. 


FAULT FINDING 


One of the main problems in testing microprocessor controlled equipment 
becomes apparent when you consider that a 32K by 8-bit ROM contains 
over a quarter million stored bits and yet only one bit needs to fail to ruin the 
whole program. Moreover it is not practical for anyone to check the ROM 
contents bit by bit against a listing: other methods of checking must be 
employed. 


The three main methods of fault finding are as follows: 
i) Check for electrical activity at the inputs and outputs (often the same 
pins!) of any suspect ICs. 


ii) Use a test program to read from and write to any suspect 
programmable ICs. 


iii) Use special devices such as ROM redcode checkers, signature 
analysers, logic analysers and automatic test equipment, if available. 


Each of the above methods will now be examined separately although most 
maintenance will be a combination of the above methods dependent on 
available equipment and information. 


6.3 ELECTRICAL CHECKS 


Figure 1 shows a basic microprocessor controlled system. 
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Figure 35: MICROPROCESSOR CONTROLLED SYSTEMS 


Consider first the microprocessor. In order to work at all it must have correct 
power supplies and clock pulses. These can be readily checked with a meter 
and oscilloscope. The next item to check is the RESET pin to which a reset 
pulse is either automatically applied following switch-on or must be applied 
manually by a reset push button as on the ZETA-1. It is interesting to note in 
passing that the BREAK key on many home computers indirectly causes a 
reset pulse to be applied to the microprocessor. 


Following the reset pulse the microprocessor fetches its first byte from a 
known memory location. For the Z80 microprocessor this location is zero and 
for the 6800 and 6502 it is location 65,534 (FFFE in hex). Usually it is not 
practical to check the address pattern and returned data from memory but it is 
practical to check whether a READ pulse is generated by the microprocessor 
after a reset. 


Once it is realised that all any microprocessor does is read and write from 
and to the available memory and port devices it becomes obvious that the 
absence of either read or write pulses is a catastrophic fault. Similarly pulse 
activity must be present on most of the address and data lines. Do not be 
surprised by odd ramp waveforms on the data lines. These occur when the 
lines are floated between read and write states. Also some address lines may 
be static if the program does not access certain locations. For example, a 
program operating entirely within the bottom 32K of memory would leave the 
sixteenth address line (Aj5) at a permanent logic 0. 


6.4 


As a general rule, correct supply voltages, clock pulses, and activity on the 
read, write, data and address lines are a first level indication that the 
microprocessor is working Correctly. 


Similar first level checks can next be applied to memory and port ICs. Each 
memory or port IC must respond by transferring data when it is addressed. 
Few ICs can decode a full 16-bit address and some port ICs have no 
address lines at all. It is usual, therefore, for all address lines not directly 
connected to any memory or port IC to be fed to an address decoding circuit 
which is usually constructed from TTL logic ICs. This decoding circuit then 
supplies a chip select pulse to the CS pin of the addressed IC. (Note that 
some manufacturers label this pin either CE for chip enable or E for enable). 
Observing the signal at the CS pin will show whether or not a particular IC is 
being addresseed. If an IC is never addressed it can never respond and the 
fault is elsewhere. Provided chip select pulses are present the IC should 
respond and either accept 8-bit data from the microprocessor if a write (WR) 
pulse is coincident with CS, or put out 8-bit data if a read (RD) pulse is 
coincident. 


Pulse waveforms between a port device and the outside world require a 
knowledge of the equipment to which the port is connected before the 
waveforms can be interpreted. For example, a printer must have a data 
waveform transmitted to it. It may also require strobe signals to accompany 
the data and a request-to-send signal. In return the printer may return a 
clear-to-send signal and acknowledge signals to show when data has been 
accepted. A disk drive is even more complicated, with half a dozen or so 
control signals and serial data in either direction dependent on whether the 
record or replay mode is selected. 


Thus for port and memory devices a check for correct supplies and 
observation of chip select with coincident read, write and data pulses are a 
useful first level check. Additionally, with suitable knowledge, signals between 
port devices and the outside world can also be checked. 


USE OF TEST PROGRAMS 


Many practical tests can be carried out by the use of simple test programs 
with, at times, the aid of an oscilloscope. Any program which proves whether 
you can read or write to a suspect location is a useful check by itself. Devices 
which cannot be written to, such as ROMs, can be read location by location 
and checked for known information. For example, the contents of BBC ZEUS 
ROMs add up to zero. This so called checksum is a useful indication as to 
whether the stored data in the ROM is corrupted. After this course you should 
easily be able to write a checksum program and carry out such a test. 


BBC EPROMs also contain data bytes which identify the EPROM. These bytes 
are detailed on the PROM definition form in the equipment handbook and can 
be checked by a simple program. An obvious point which can easily be 
overlooked is that a perfectly good ROM will crash a program if it is plugged 
into the wrong ROM socket. 
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Port devices are often the most difficult to write test programs for. There are 
some very clever port devices now available, particularly for disk drives and 
CRT control. Most of these devices contain a number of internal control 
registers which you must program to set up the devices mode of operation. In 
return the device will write to its internal status registers to show what it had 
done. Your program will need to read these status registers and to branch in 
accordance with the information found. Sometimes you can write a simple 
program which enters information into a control register and then reads the 
status register to see if the result is as expected. Alternatively, you may be 
able to write a program that produces, say, a squarewave signal at a port 
output pin. This waveform can then be checked using an oscilloscope. 


SPECIAL TEST DEVICES 


For BBC equipment the most commonly available special test device is a 
ROM check unit. The suspect ROM is plugged into this device and a cyclic 
redundancy check is carried out on its contents. The result of this check is a 
4-bit hexadecimal number which should agree with the RECODE number 
stamped on the ROM. If it does not agree there is a fault in the ROM contents. 


A so called Signature Analyser is often provided with Hewlett Packard 
equipment. This unit looks like a digital voltmeter with a probe which flashes 
when connected to any pulsating test point. The point under test produces a 
4-digit readout similar to a redcode and is referred to as the signature. The 
signature for each test point is given on the circuit diagram and the 
appropriate action for wrong signatures is given in the equipment handbook. 


Logic Analysers are test devices that can detect the occurrence of a 
preselected address and display the coincident data. At first sight this seems 
the ideal test device but in practice it is not that useful. Firstly, to make a 
measurement requires over 24 probes to be connected to the circuit under 
test at which point the circuit board closely resembles a hedgehog. Secondly, 
the information it provides usually requires detailed knowledge of the circuit 
and often only the designer has this knowledge; it does not appear in the 
equipment handbook. 


Automatic test equipment (ATE) is often available only to the manufacturers 
and is seldom available in maintenance areas. As the name suggests, the 
suspect circuit board is plugged into the tester and a programmed series of 
tests are automatically carried out. 


Finally it is of interest to note how manufacturers of domestic equipments are 
tackling this problem. One manufacturer of a video cassette recorder that 
uses two microcomputer chips has listed various test conditions and given 
tables of voltages and waveforms to check. On the other hand, another 
manufacturer's handbook on a teletext television set doesn’t give any 
information at all on the teletext circuit board. It merely instructs the service 
engineer to change the whole unit. 


OTHER REFERENCES 


Designs Department Handbooks 
a. Automatic Fault Detection. DDTM 2.448 
b. BBC Code of Practice in the use of PROMS. DDTM 1.155 


Commercial Books 


a. Microprocessor Interfacing Techniques published by SYBEX 
(Chapter 8 deals with troubleshooting techniques). 
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